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REPORT  H 
DETAIL  WORK  PLAN 

INTRODUCTION 


This  report  presents  a  description  of  the  total  effort  to  be  accom¬ 
plished  in  the  desi gn,  development ,  prototype  delivery  and  operational 
support  of  the  Pratt/&)Whitney  Aircraft  JTF17  engine  during  Phas^-lUr  of 
the  Supersonic  Transport  Engine  Program.  This  total  effort  includes: 
SecHTdfl-tl  Engine  and  Component  Development;  Saatisn  ^1  Management  ..Controls 
and  Product  Assurance^  and  S^ctt-on  III  Delivery  and  Product  Support,  The 
material  ir>  thia  plan  is  presented  in  relation  to  the  Leve  l^IH^Treas  of 
the  work  breakdown  structure  with  each  Leve  kSl-tl^area  providing  an  activity 
description,  milestone  chart  and  network  chart,  including  an  event 
dictionary  for  each  network  chart.  For  those  areas  where  a  network  is 
inappropriate,  only  a  schedule  is  presented.  The  Level-^ii^ areas  of  the  — 
work  breakdown  structure  are  described  in  the  Work  Statement  in  VolumekVT* 
of  this  proposal.  f? 

\ 

This  engine  development  program  is  patterned  upon  our  previous  develop- \ 
ment  programs  for  both  commercial  and  military  engines.  Specifically,  the 
JTF17  engine  development  program  follows  the  development  steps  of  the  high 
Mach  number  J58  engine,  and  reflects  the  beneficial  and  invaluable  lessons 
learned  from  the  integration  of  the  engine  and  airframe  through  extensive 
flight  and  operational  experience.  The  Pratt  &  Whitney  Aircraft  JTF17 
engine  development  program  also  incorporates  the  added  effort  required  to 
make  the  supersonic  transport  engine  suitab'e  for  commercial  service,  and 
reflects  the  experience  gained  in  over  39  million  hours  of  turbojet  engine 
operation  in  commercial  service. 

It  is  the  goal  of  the  JTF17  engine  program  to  develop  the  engine  to 
meet  the  requirements  of  the  engine  model  specification  and  to  obtain  the 
engine  maturity  required  for  commercial  use.  Demonstration  of  this  maturity 
will  be  the  Flight  Test  Status  Test  required  in  Phase  III,  and  the  Certi¬ 
fication  Test  required  in  Phase  IV. 

During  Phase  III  a  total  of  20  engines  will  be  delivered  to  the  airframe 
manufacturer.  Four  engines  will  be  delivered  prior  to  FTS  for  ground  test 
use.  If  required,  four  additional  engines  will  be  delivered  for  aircraft 
taxi  tests.  It  is  planned  to  modify  the  four  taxi  test  engines  after  com¬ 
pletion  of  the  test  to  the  FTS  engine  configuration  for  use  in  the  proto¬ 
type  flight  program.  Sustaining  engineering  effort  will  be  provided  in 
Phase  III  to  support  the  JTF17  prototype  engine  delivery  and  operation 
through  the  100-hour  aircraft  flight  program. 
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SECTION  I 

ENGINE  AND  COMPONENT  DEVELOPMENT 
1.01  ENGINE  DESIGN 


Design  of  the  JTF17  engine,  excluding  the  prototype  control  system, 
will  have  been  completed  by  the  end  o_  Phase  II-C.  Early  in  Phase  III 
the  design  of  the  prototype  control  system  will  be  completed,  and  engine 
manufacturing  drawings  and  an  assembly  parts  list  will  be  prepared  and 
released.  Subsequent  to  the  engine  release,  major  effort  will  be  devoted 
to  continuous  refinement  of  component  designs  based  on  changing  airframe 
requirements  and  on  test  experience  gained  from  component  rig  tests;  from 
engine  test  stand  operation;  from  our  continuing  high  Mach  number  flight 
experience;  and  from  our  commercial  engine  operation.  Refinements  may 
consist  of  minor  modifications  or  major  redesigns,  as  requirements  dictate. 
Alternative  designs  of  engine  components  will  be  completed  for  evaluation; 
these  designs  will  be  based  on  tesults  of  the  test  program  and  continued 
analysis. 

Major  effort  will  continue  to  be  devoted  to  considerations  such  as 
safety  and  reliability,  performance,  weight,  maintainability,  and  value 
engineering.  To  secure  the  earliest  possible  testing  experience,  design 
information  will  be  made  available  prior  to  completion  of  manufacturing 
drawings  to  allow  advance  procurement  of  raw  materials  and  tool ing  for 
time-critical  parts  manufacture. 

The  design  of  component  test  rigs  will  be  completed  and  manufacturing 
drawings  released.  The  use  of  such  rigs  will  supply  data  for  the  compo¬ 
nent  and  engine  test  program. 

Close  design  coordination  will  be  maintained  with  the  airframe  con¬ 
tractor.  This  coordination  will  be  directed  toward  ensuring  that  installa¬ 
tion  requirements  for  both  engine  and  airframe  are  realistic  and  are  being 
met  . 


Full-scale  design  engineering  mockups  will  be  used  and  maintained  to 
assist  in  the  design  and  installation  activities. 

The  m.  Jor  milestones,  network  chart  and  event  dictionary  for  engine 
design  art  shown  in  figures  1  and  2 ,  respectively. 

A  detailed  description  of  Engine  Design  is  presented  in  Volume  III, 
Report  B,  and  test  integration  of  the  design  effort  is  presented  in  Test. , 
Volume  IV,  Report  E. 
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1.02  FABRICATION  AND  ASSEMBLY 
FABRICATION 


JTF17  Project  Engineering  authorizes  all  development  parts  procurement 
by  issuance  of  an  Engineering  Order  Supplement,  which  defines  the  task  to 
be  accomplished  and  specifies  the  detail  hardware  requirements.  This  Hard¬ 
ware  is  scheduled  by  quantity  and  date  to  predicted  needs  determined  by 
Project  Engineering.  The  total  quantity  of  test  support  parts  required 
over  a  period  of  one  year  can  be  expressed  as  equivalent  sets  of  parts: 


Total  Cost  of  all  Test  Support  Hardware 


Average  Cost  of  a  Development  Engine 


=  Number  of  Equivalent  Sets  of  Parts 


The  number  of  equivalent  sets  of  parts  and  average  number  of  engines 
predicted  for  the  JTF17  development  effort  is  as  follows: 


Year 

1967 

1968 

1969 

1970 

1971 

Average  Number 

4 

7 

11 

12 

14 

of  Engines 

Equivalent 

11 

12 

12 

12 

12.5 

Engine  Sets 


Design  layouts  and  detail  drawings  are  approved  by  Project  Engineering 
and  are  released  from  Design  to  Project  Materials  Control  (IWC)  for  fabri¬ 
cation  by  an  Experimental  Release.  Project  Materials  Control  orders  and 
schedules  all  parts,  works  directly  through  Purchasing  for  subcontracted 
hardware  and  works  through  Scheduling  and  Expediting  for  hardware  made 
in-house . 


Hardware  fabricated  "in-house"  is  submitted  to  Scheduling  and  Expediting 
and  a  job  order  is  released  to  the  Shop  for  manufacture.  PMC  writes  Requests 
for  Purchase  Orders  (RPO)  for  hardware  designated  "buy,"  the  order  is  com¬ 
petitively  quoted  by  Purchasing  and  placed.  In  either  case,  the  promised 
completion  or  delivery  dates  must  agree  with  the  requested  dates  specified 
by  Project  Engineering.  The  INC  organization  incorporates  design  changes 
rapidly.  Design  changes  are  discussed  prior  to  release  by  Project  Engineer¬ 
ing  and  the  engineer,  and  "hcid"  instructions  are  issued  if  necessary 
until  formal  drawings  are  available.  Hardware  obsolescence  is  thus  held 
to  a  minimum. 


Raw  material,  when  received,  is  inspected  by  the  Materials  Control 
Laboratory  for  compliance  to  specifications  and  by  Quality  Assurance  for 
dimensional  requirements.  Finished  purchased  parts  are  inspected  for 
compliance  to  the  drawings  and,  where  applicable,  are  submitted  to  the 
Materials  Control  Laboratory  for  testing.  By  arrangement  with  Quality 
Assurance,  finished  parts  may  be  inspected  at  a  subcontractor’s  plant. 
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ASSEMBLY 

Assembly  of  the  JTF17  development  engines  is  controlled  by  an  Experi¬ 
mental  Engineer  assigned  to  an  engine  build  several  months  before  the 
required  starting  date.  The  Experimental  Engineer  is  responsible  for 
defining  the  general  configuration  for  the  engine  to  Project  Materials 
Control;  IWC  then  issues  a  parts  list  to  authorize  delivery  of  the  parts 
from  Finished  Stores.  Engine  rebuilds  arc  handled  in  a  similar  manner, 
but  a  complete  definition  of  parts  is  not  established  until  inspection 
after  disassembly. 

New  parts  issued  by  Project  Materials  Control  at  the  direction  of 
Project  Engineering,  are  delivered  to  Assembly  for  an  engine  or  rig. 

Records  of  the  parts  issued  are  maintained  with  the  engine  or  rig,  and  work 
done  is  by  written  instructions  of  the  assigned  Experimental  Engineer. 

The  rework  or  reoperation  of  parts  is  accomplished  from  Work  Orders 
written  by  Assembly  personnel.  Parts  shortage  records  are  also  maintained 
by  Assembly  personnel.  The  Shift  Superintendent  of  Assembly  conducts  daily 
shortage  meetings  and  scheduled  build  meetings  to  control  engine  and  rig 
build  schedules.  During  the  build  of  the  engine  or  rig,  problems  encountered 
are  recorded  on  Deviation  Reports  which  are  used  as  a  means  of  conveying 
design  or  deviate  part  problems  to  Engineering,  Quality  Assurance  and  PMC. 
Assembly  Problem  Reports  are  written  to  point  out  corrective  action  neces¬ 
sary  on  faulty  assembly,  damaged  parts,  or  any  abnormal  conditions. 

Engines  and  rigs  returning  from  Test  are  disassembled  in  accordance 
with  the  written  instructions  of  the  Experimental  Engineer. 

In  audition  to  engine  and  rig  build  service,  the  Assembly  Department 
provides  and  installs  all  special  pressure  and  temperature  instrumentation. 

It  also  provides  a  test  repair  crew  for  engine  and  rig  repair  in  the  Test 
Areas  and  a  small  machine  shop  to  expedite  simple  .machining  needs  and 
special  tool  repairs. 

Shop  supplies,  assembly  tooling  and  special  tooling  used  to  support 
Engineering  requirements  are  maintained  by  Assembly.  In  addition,  the 
Assembly  department  provides  a  complete  and  current  blueprint  file  for 
use  by  Assembly  and  Engineering  personnel . 

Special  instructions  to  cover  processes  and  materials  as  directed  bv 
Engineering  Instructions  or  bulletins  are  issued  by  the  Superintendent  ot 
Assembly.  These  are  called  Experimental  Assembly  Instructions  (EAI). 
Experimental  Assembly  0; orating  Procedures  covering  methods  of  operation 
affecting  tooling,  parts  handling,  and  agreed-to  methods  of  operation  arc 
issued  from  the  \ssembly  Office. 

Special  equipment  such  as  flow  benches,  balance  machines,  spin 
testing,  cleaning  equipment,  hoists  and  lifts,  work  benches  and  parts 
tables,  etc.,  are  provided  and  maintained  to  process  engines  ar.d  rigs 
through  the  assembly  and  disassembly  cycles.  These  items  of  equipment 
alto  provide  fulfillment  for  the  manufacturing- in-process  parts  require¬ 
ments  such  as  balancing,  pressure  test,  spin  zyglo,  and  proof  spinning. 
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The  major  milestones,  network  chart  and  event  dictionary  for  fabrica¬ 
tion  and  engine  assembly  are  shown  in  figures  3  and  4,  respectively. 

A  detailed  description  of  fabrication  and  engine  assembly  is  presented 
in  the  Test  and  Certification  Plan,  Volume  III,  Report  E,  and  the  Manu¬ 
facturing  Program,  Volume  V,  Report  G.  Test  planning  and  integration  of 
fabrication  and  assembly  is  presented  in  Test,  Volume  IV,  Report  E. 
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Tooling  will  be  designed,  procured,  inspected  and  assembled  in  quantities 
to  meet  the  schedules  of  the  JTF17  engine  development  program.  The  selec¬ 
tion  of  the  degree  of  tooling  will  be  based  on  the  maximum  value  in  trade¬ 
off  between  labor  costs  and  tooling  costs. 

Based  on  experience,  engine  areas  that  have  a  high  probability  of  change 
are  identified,  and  tooling  for  such  areas  is  designed  as  versatile  as  possible 
to  minimize  the  cc st  of  obsolescence.  Standard  tooling  and  standard  methods 
of:  gaging  are  used  where  possible  to  reduce  the  quantity  of  special  tooling 
required,  and  to  make  use  of  "Catalogue"  or  shelf-type,  low-cost  itens. 
Historically,  this  policy  of  minimal  tool-'ng  and  gaging  for  the  construc¬ 
tion  of  development  engines  has  proved  to  be  most  economical  and  has  re¬ 
sulted  in  an  ability  to  incorporate  Engineering  Changes  in  the  minimum  time. 

The  fabrication  of  development  tooling  is  predominantly  subcontracted 
with  the  most  critical  or  urgently  required  tooling  being  made  by  Pratt  & 
Whitney  Aircraft.  New  to  ling  is  always  thoroughly  inspected  and  tool  tryout 
carefully  monitored  by  the  Process  Planning  and  Tool  Design  Department  and 
Shop  personnel  to  insure  that  quality  requirements  are  met  and  that  the 
tool  functions  as  intended. 

To  determine  the  type,  quantity,  and  cost  of  tooling  required  for  the 
"in-house"  manufacturing  activity,  preliminary  drawings  will  be  provided 
to  each  process  planning  group  as  required.  Operation  sheets  will  be  pre¬ 
pared  denoting  operation  sequence,  description  of  work  to  be  performed, 
type  of  manufacturing  equipment  to  be  employed,  special  tooling  required, 
and  a  graphic  illustration  of  the  operation  when  necessary  for  clear 
direction . 

Assembly  tooling  requirements  such  as  special  wrenches,  pushers  and 
pullers,  balance  tooling,  spin  pit  arbors,  handling  stands,  hoists,  etc,, 
originate  from  the  Assembly  Planning  Section  of  Process  Planning  from  a 
study  of  the  engine  layouts.  "Make  or  Buy"  decision,  subcontracting, 
manufacture  and  inspection  are  handled  in  the  same  manner  as  other  shop 
tool ing. 

Subcontractor  tooling  for  the  development  phase  will  also  be  as  uni¬ 
versal  as  possible  Tooling  requirements  can  be  held  to  a  minimum  by 
manufacturing  parts  in  the  subcontractor's  experimental  shops,  utilizing 
tool  room  techniques  and  universal  machines.  The  FRDC  Purchasing  Depart¬ 
ment  is  always  in  a  position  to  evaluate  new  tooling  requirements  for  the 
development  phase  through  updated  knowledge  of  subcontractors  equipment 
and  machinery.  This  assures  that  changes  are  accomplished  economically. 

The  major  milestones,  network  chart  and  event  dictionary  for  tooling 
are  shown  in  figures  5  and  6,  respectively. 

A  detailed  description  of  tooling  is  presented  in  the  Test  and  Certi¬ 
fication  Plan,  Volume  III,  Report  E  and  the  Manufacturing  Program,  Volume  V, 
Report  G.  Test  planning  and  integration  is  presented  in  Test,  Volume  IV, 

Report  E,  I 
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1.04  ENGINE  INSTRUMENTATION 

The  JTF17  engine  development  requires  the  accurate  measurement  of  gas 
and  metal  temperatures,  gas  and  fluid  pressures  and  flow  rates,  and  thrust. 
Engine  durability  requirements  necessitate  the  accurate  measurement  of 
vibration,  position,  and  stress  data. 

In  the  application  of  instrumentation  the  following  conditions  must 
be  met: 

1.  Instrumentation  must  not  affect  the  performance  of  the  engine 
under  test,  or  alter  the  properties  of  the  material  to  which 
the  instrumentation  is  attached 

2.  Instrumentation  must  provide  data  of  sufficient  accuracy  to 
satisfy  the  test  requirements 

3.  Instrumentation  must  be  durable  enough  to  provide  data  for 
a  period  of  time  commensurate  with  objectives. 

The  development  of  advanced  turbofan  engines,  such  as  the  TF33-P-7, 

JT8D,  and  the  high  Mach  number  J58,  have  made  it  necessary  to  maintain  a 
high-level  program  of  instrumentation  development.  The  techniques  and 
experience  acquired  in  the  development  of  these  engines  are  now  available 
for  the  JTF17  engine  program. 

The  JTF17  engine  will  be  equipped  with  a  flight  instrumentation  system 
capable  of  providing  accurate  and  reliable  indications  of  critical  engine 
parameters  for  airframe  readout,  ground  checkout,  and  use  in  the  Airborne 
Integrated  Data  System.  The  accuracy,  response  rate,  and  signal  level 
characteristics  for  this  instrumentation  will  be  coordinated  with  the  air¬ 
frame  manufacturer  and  airlines  during  Phase  III  to  assure  compatibility 
with  the  airframe  systems  and  engine  functions  requiring  monitoring.  The 
JTF17  engine  provides  the  instrumentation  to  measure  the  following  parameters: 

1 .  Turbine  exhaust  pressure 

2.  Turbine  exhaust  gas  temperature 

3.  Duct  heater  nozzle  position 

4.  Reverser-suppressor  position 

5.  Aerodynamic  brake  position 

6  Secondary  air  valve  position 

7.  Low  rotor  speed. 

In  addition,  the  engine  has  provisions  for  the  installation  of  the 
following  instr  imentat ion : 

1 .  High  rotor  speed  tachometer 

2.  Oil -in  temperature 

3.  Oil  pressure 

4.  Primary  gas  generator  fuel  flowmeter 

5.  Duct  heater  fuel  flowmeter 

6.  Oil  filter  differential  pressure 

7.  Fuel  filter  differential  pressure 

8.  Vibration  pickup  mounting  brackets  (2) 

9.  Fuel  pump  inlet  pressure 

10.  Fuel  pump  inlet  temperature. 
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The  flight  instrumentation  components  provide  airframe  connectors  as 
indicated  on  the  Installation  Drawing.  These  components  are  mounted 
directly  on  the  engine  and  are  exposed  to  high  ambient  temperatures,  engine 
vibrations,  and  acoustical  noise.  Accordingly,  they  will  ne  subjected  to 
thorough  development  programs  as  individual  units  and  as  part  of  the  com¬ 
plete  engine  system. 

Component  testing  will  be  conducted  at  P&WA  and  the  vendor  facility 
to  develop  each  component  to  meet  its  requirements  of  simplicity,  accuracy, 
reliability,  and  maintainabil ity .  These  tests  will  include  electrical 
outputs,  vibrations,  acoustics,  environmental,  special  tests  of  electrical 
interference  generation  and  susceptibility,  explosion  proof,  humidity, 
and  impact. 

Automated  digital  data  systems  have  been  applied  to  jet  engine  develop¬ 
ment  testing  at  FRDC  since  1958.  Two  data  systems,  serving  engine  and 
component  test  stands,  have  produced  an  average  of  2.6  million  data  points 
per  month  over  the  last  two  years.  Reliable  and  consistent  data  have  been 
taken  at  environmental  conditions  in  excess  of  Mach  3.0.  Included  as  a 
part  of  the  systems  is  an  on-line  computer  used  to  process  raw  data  into 
engineering  units.  Computed  performance  parameters  such  as  TSFC,  simulated 
altitude,  Mach  number,  exhaust  gas  temperature,  EGT  profiles,  component 
efficiencies,  and  airflow  are  displayed  to  the  test  stand  control  room 
while  the  test  is  in  progress  within  two  to  three  minutes  from  the  time  of 
recording. 

The  Instrument  Laboratory  is  equipped  and  staffed  to  develop,  maintain, 
and  calibrate  all  types  of  precision  instruments  required  for  propulsion 
system,  component  development,  and  performance  measurements.  Equipment 
is  available  for  measuring  and  recording  fuel  flow,  thrust,  speed,  pres¬ 
sure,  vibration  stress,  chemical  composition,  heat  transfer,  and  numerous 
other  variables  associated  with  powerplant  evaluations. 

The  engineering  staff  provides  the  technical  direction  for  the  work  of 
tlie  Instrument  Laboratory,  has  responsibility  for  providing  all  necessary 
specialized  measuring  instruments,  plans  and  supervises  the  assembly  of 
complex  measurement  and  recording  systems,  and  does  the  actual  measurement 
and  analysis  in  cases  where  specialized  experience  is  necessary. 

The  major  milestones,  network  chart  and  event  dictionary  for  engine 
instrumentation  are  shown  in  figures  7  and  8,  respectively. 

A  detailed  description  of  engine  instrumentation  is  presented  in  the 
Test  and  Certilication  Plan,  Volume  III,  Report  E.  Test  planning  and 
integration  is  presented  in  Test,  Volume  IV,  Report  E. 
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1.05  TEST  EQUIPMENT 

Facilities  Engineering  provides  the  necessary  test  facilities  required 
to  meet  test  requirements  outlined  in  Phase  III  of  the  Supersonic  Transport 
engine  program.  A  complete  description  of  the  facilities  utilized  in 
Phase  III  for  the  JTF17  engine  program  is  contained  in  Volume  V,  Report  B. 
Responsibilities  of  Facilities  Engineering  are  as  indicated  below: 

1.  Facilities  Engineering  have  under  their  cognizance  a 
Facilities  Design  Engineering  Group  responsible  for  P&WA 
facility  designs,  and  for  the  development  of  design  criteria 
for  distribution  to  architectural  engineering  firms. 

2.  Once  the  design  of  a  facility  is  established,  it  is  the 
responsibility  of  Facility  Engineering  to  initiate  procure¬ 
ment  through  a  Materials  Control  Group,  utilizing  Govern¬ 
ment  reserve  equipment  screening  where  available  through 

DIPEC. 

3.  Installation  of  all  test  equipment  is  accomplished  by 
separate  purchase  order  to  an  installation  contractor,  under 
the  direction  of  the  responsible  Facility  Engineer. 

4.  Checkout  and  inspection  of  all  test  equipment  is  under  the 
supervision  of  Facilities  Engineering  during  the  final  phase 
of  construction,  in  coordination  with  the  Inspection  and 
Test  Operation  Departments. 

The  test  stands  utilized  in  Phase  III  of  the  JTF17  engine  program  are 
as  follows. 

A.  Sea  Level  Engine  Calibration  and  Endurance  Test  Facilities 

A  total  of  nine  sea  level  test  stands  are  required  to  conduct  the 
JTF17  engine  program,  including  three  with  heated  inlet  capability.  Five 
existing  FRDC  stands  will  be  available  and  capable,  with  modifications, 
of  testing  the  JTF17  engine.  These  stands  are  A-3,  A-4,  A-5,  A-6,  and 
A-7.  Four  new  stands,  A-9,  C-8,  C-9,  and  C-10  will  be  built. 

B.  Simulated  Altitude  and  Mach  Number  Engine  Test  Facilities 

A  total  of  three  simulated  altitude  and  Mach  number  engine  test  facili¬ 
ties  are  necessary  to  conduct  the  testing  required  for  the  JTF17  engine 
program.  In  these  facilities,  flight  envelope  conditions  can  be  simulated. 
At  FRDC  one  existing  test  stand  is  available  for  testing  the  JTF17  engine 
and  one  new  test  stand,  C-6,  will  be  constructed.  Cne  existing  stand  in 
the  Andrew  Willgoos  Turbine  Laboratory,  X-210,  will  be  modified  to  conduct 
testing  on  the  JTF17  engine. 
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C.  Simulated  Altitude  and  Mach  Number  Component  Test  Facilities 

1.  Fan  and  Compressor  Facilities 

Two  full-scale  fan  and  compressor  test  stands  are  necessary  for  the 
JTF17  program.  Each  will  be  capable  of  testing  single-stage,  multistage, 
a^d  complete  compressor  units  over  a  wide  range  of  simulated  altitude  and 
Mach  number  conditions.  One  existing  test  stand,  C-3,  will  be  available 
for  the  JTF17  program.  An  additional  stand,  C-7,  will  be  constructed. 

2.  Turbine  Rig  Test  Stands  (Available) 

Two  test  stands  are  available  for  turbine  component  testing  for  the 
JTF17  program.  These  stands  are  used  to  investigate  and  develop  turbine 
blade  and  vane  materials  and  cooling  configurations. 

D.  Small  Components  Facilities 

Twenty-eight  small  component  stands  and  benches  will  be  used  for  the 
JTF17  program.  They  will  be  used  in  testing  complete  control  systems  and 
subcomponents,  ignition  systems  and  such  mechanical  components  as  oil 
pumps,  gearboxes,  bearing  and  seal  systems  and  other  engine  auxiliary 
equipment . 

The  major  milestones,  network  chart  and  event  dictionary  for  test 
equipment  are  shown  in  figures  9  and  10,  respectively. 

A  detailed  description  of  test  equipment  is  presented  in  the  Facilities 
Program,  Volume  V,  Report  B.  Test  planning  and  integration  of  the  test 
equipment  is  presented  in  Test,  Volume  IV,  Report  E. 
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TTST  tQLIMNT  K>* 
HEATED  I  NUT  TEST 
STAND  C-10 


n*mr  and  install  ’cxal  test  haiwni 


START  f-7 

ALTITUDE 

PROCURE  AND  INSTALL  SPPCIAL  TEST  EQL’l  V1 TT  ^ 

20  |  S  J  l-*7 

START  C-g 
HEATED 
INLET  STAND 


Noa'U  AM)  INSTALL  SPECIAL  It  ST  6qU! P* T 


Description  end  Criteria 


start  phase  III 

Sta ’ t  o(  There  III  fhaae  Ill  go-ahead  • 
fro*  fAA . 


START  A- 5  SEA.  LEVEL  STAND 

Initiate  design  and  procurement  of  the  neces- 
aory  apeclal  teat  equipment  for  A- 5  aea  level 
engine  teat  stand.  Deet|n  and  procurement  are 
in  progress. 


cat  run  test  KqciiWNT  installation 

Complete  the  inatellatlon  of  specie1  taat  equip¬ 
ment  on  A- 5  toat  atand.  Teat  Aland  It  ready 
for  final  checkout. 


CmrUTE  TEST  lyUlPNEKT  FOB  A-5  STM® 

Complete  checkout  of  teat  equipment  dorm*  Him l 
chackcut  of  leat  atand.  Operate  engine. 


START  A-6  SKA  LEVEL  STAND 

Initiate  design  and  procurement  of  the  necaaaarv 
special  taat  equipment  for  A-b  aea  level  engine* 
teat  stand.  Design  and  procurement  are  in 
progress. 


CfMSUn  TEST  EqulTMENT  INSTALLATIt* 

C<  aplete  the  inntalletlon  of  special  teat  equip¬ 
ment  on  A-fc  .tel  stand.  Taat  stand  la  ready  for 
final  checkout. 


an  run  test  Rquimw  rat  A-e  hand 

Complete  checkout  of  teat  equlpeent  during  final 
checkout  Gf  teat  atand.  Operate  engine. 


START  A* 7  SEA  LEVEL  STAND 

Initiate  dvtlgn  and  proevreamnt  oT  the  nacea* 
aary  ipacial  teat  equipment  for  A-7  aea  laval 
engine  teat  atand  Deeipi  and  procurement  are 
in  progrees. 


«*»U\«  TEST  EifUIMOfT  INSTAUAT1CB 
Complete  iha  installation  of  special  teat  equlp- 
vmnt  on  A* 7  taat  etgnd.  Taat  atand  ia  ready 
for  final  checkout. 


COMPLETE  It  it 
Eh' 'I  WENT 
INSTALLATION 


COMPUTE  TEST 

EQUIPMENT 

INSTALLATION 


START  C-r 

HEATED 

ItdCUBE  AND  INSTALL  SPECIAL  TEST  T'-f  NT  ^ 

COMPUTE  TEST 
EQUIPMENT 

!t  1  *  1  l"" 

27  ]  C  [  8-M 

SIART  C-10 

HEATED 

PROCURE  AND  INSTALL  SPECIAL  TEST  I'M  WENT  ^ 

aptPUTE  TEST 
EQUIPMENT 

w 

1  5  1 

30“1  C  [  10-M 

Description  and  Cri1 


compute  its?  iquincNT  rat  a 

Complete  checkcut  of  teat  equ: 
checkout  of  teat  stand.  Ope 


START  A-t  REVERSE!  STAND  j 
Initiate  daalRn  and  procure^ 
special  teat  equipment  for  A-] 
teat  atand.  Design  and  procul 
progress. 


CONFUTE  TEST  I CA'l WENT  IRS 
Complete  the  inatellatlon  of  i 
nent  on  A- V  taat  atand.  Tea 
final  checkout. 


Of  PUT!  TEST  IQUIIWNT  FOR  A 
Complete  checkout  of  t»at 
checkout  of  teat  atand.  Opc 


START  *.-A  ALTITUDE  ”  P 
Initiate  design  and  prot 
special  tist  equipment  for  C- ■ 
stand.  Design  and  prv«ine«ri>; 


CCMPUTE  TEST  IQUIMENT  INSTA 
Complete  the  inStallatliu 
want  on  C-A  test  atand.  Tear 
final  checkout. 


com  run  nn  EquimniT  ro r  q 

Complete  checkout  of  teat  equ. 
chec'.mit  of  teat  atand.  Opt 


START  C-6  ALT17VDR  STAM) 
Initiate  design  and  procure •'J 
Ipet  lal  teat  equipment  for  Li 
Design  and  procurement  are  In] 


cot  run  tee?  equipwnt  insti 

Complete  the  installation  .1 
went  on  C-i  teat  atand,  Tcai 
tor  final  checkout. 


COMPLETE  IE  IT  EQlillNINT  P 
Complete  rhmkoul  uf  test 
thee  bout  of  keel  aland,  i 


Figure  10.  1,05  Test  Equipment 


ccmputf  test 

EQL'lfMKT 

lBStAlLATlOti 


ORlFtlft  TRST 

Wiiww  r.'« 

C-b  “TAi® 


CCKFUCTt  TEST 

IQU1MNT 

INSULATION 


COMFLITt  It  ST 

eguiflCNT  rot 

C-7  SUK> 


T»ST  fty\  WST  T<* 
icNiTUft  ST'TW  aithvi* 
TEST  BMQt 


TEST  EQUTMENT  K* 
IGNITION  ST  STEM 
ENVTROtKENUL  TEST 
BENCH 


<U8T  KMT7 
STMEW  Mill 
TINT  BENCH 


SUIT  IGS1T 
SYSTEM 

environment 

TEST  BEN"1* 


OONFLETE  TEST 
EQUIP*  NT 
INSULATION 


CasPlETl  TEST 
EQUI  I* NT  FOB 
C-8  STAND 


TEST  CqUIPMFNT  rOB 
ELECTBIC  CONTROL 
TEST  BENCHES 


SUIT  ELECT 
CONTROL  U  > 
BENCHES 


COMPLETE  TEST 

CQL'IIHCNT 

lSSULA.:.* 


COMPLETE  TEST 
EQUI  MAT  FOB 
C-9  STAND 


TtsT  iqoimnrr  fcb  wmox* 

LABORATORY  test  STAND  X-2IO 


SUIT  TEST 
EQUIPMENT 

FOB  X-2K* 

SUSD 

0>4t*,  J  LA 


COMPLETE  TEST 

EQLIPTCVT 

INSULATION 


COMPUTE  TEST 
EgilPMENT  FOB 

C-10  STAND 


TEST  EQUIP**!  FOB  AEOC 
ENGINE  TEST  OP  REVERSE! - 
SUPPBISSOB 


START  TEST  Eg 
KENT  FOB  BE DC 
REVERSE!' SC  PH 
It  ST 


TEST  EQUII*KT  FOB  AIDC 
C BOUND  TEST  ENGINE 


SURT  IE  ST  Kl 
*NT  FOB  AEW 
CBCUND  TEST  I 


Description  am]  Criteria 

COMPUTE  TEST  EQUIPMENT  FOR  A- 7  SU» 

Complete  checkout  of  teat  rq-ilpmrnt  during  final 
checkout  ot  teat  stand.  Operate  engine- 

START  A-  9  REVERSE*  STAND 

Initiate  design  and  procurement  of  tie  neceeaary 
Ipcitjl  teat  equipment  for  A- 9  tea  .eve  l  engine 
teat  aland.  Design  and  procurement  are  In 
progress. 

CCHPUR  TEST  EQUIPMENT  INSULATION 
Complete  the  installation  of  a  pedal  teat  equip* 
r»nt  On  A-u  teat  stand.  Teat  at  and  la  ready  for 
final  checkout. 

CWPLETE  ttST  iqiillHtNT  FOR  A-N  STAND 
Opiate  Cleckout  of  teat  equipment  during  final 
checkout  -t  !.«t  atand.  Operate  engine. 

START  C-i.  ALTITUDE  STAND  RBWCIFICATION 
Initial#  deal  go  and  procurement  of  the  neceaeary 
apedal  feat  equipment  for  C*<*  altitude  teat 
arand.  Deaign  and  procurement  arc  111  progrii*. 

CIMFIETT  It  ST  EQUIPMENT  INSTALATTCM 

Complete  the  tnatallatlnn  of  special  teat  eq"ip- 

■iwnt  no  C*d  teat  stand.  Taat  atand  ta  ready  tor 


CMilSTE  Tift  EQL‘!M«NT  FOB  C-*  STAND 
Complete  check, Hit  ot  teat  equipment  during  final 
tl»i  “-it  of  teal  atand.  Operate  engine. 

START  C-t  ALTITUDE  STAND 

Initiate  deaign  and  procurement  «.f  the  necessary 
•pec  ii I  teat  equipment  lor  C-h  altitude  teat  atand. 
Deaign  t.ul  procurement  are  in  progress. 

tWITt  Ttff»  EQUIPMENT  INSULATION 
C.wplde  the  Installation  of  apaclal  teat  equip¬ 
ment  on  C-h  tea*  *t»nd .  Taat  atand  it  ready 
lor  final  checkout. 

CiMPLtTE  TEST  EQUIPMENT  Pv«  C-t  XM 
Complete  checkout  of  tear  equipment  during  final 
checkout  o|  teat,  atand.  Operate  angina. 


Description  and  Criteria 
START  C-7  ALTITUDE  STAND 

Initiate  deaign  and  procurement  of  the  neceaeary 
•pedal  teat  equipment  for  C-7  attitude  compo¬ 
nent  teat  atand.  Deaign  and  procurement  are 
In  progress. 

CmPUTC  Tin  EQUIPMENT  IN8TALATICW 
Complete  the  installation  nf  apedal  teat  equip¬ 
ment  on  C-7  teat  aland.  Teat  atano  ia  raady  for 
final  checkout. 

Cat  FLITS  lflT  EQUIPMENT  FOB  C-7  STA» 

Complete  ch< -kout  of  teat  equipment  during  final 
checkout  of  taat  atand.  Operate  engine. 

START  C-8  HIATT  D  INI  JIT  STA» 

Initiate  deaign  and  procurement  of  tha  neceaeary 
(pedal  teat  equipment  for  C-8  heeled  Inlet  taat 
•land.  Design  end  procurement  are  In  progress. 

COMPLETE  TEST  EQi’IW*NT  INSULATION 
Complete  the  installation  of  apedal  teat  equip¬ 
ment  on  C-8  teat  stand.  Teat  atand  is  e*ady 
for  final  chackout. 

CCHPLET*  TEST  EQUIP* NT  FOB  C-8  FUND 
Complete  checkout  ol  teat  equipment  during  final 
checkout  of  taat  atand.  Operate  engine. 

SUIT  C-9  HATED  INLET  STAND 

Initiate  dealpt  and  procurement  *>f  the  neceaeary 
special  taat  equipment  for  C-9  heated  inlet  teat 
stand.  Design  and  procurement  are  In  progress. 

cat  run  teit  iquii*nt  insulation 

Complete  the  iniuljelion  of  specie!  test  emuip* 
m«nt  on  C-9  teat  stand.  Teat  stand  la  ready  for 
final  checkout. 

COMPLETE  TEST  EQUIPMTOT  FOB  C-*  IU» 

Complete  checkout  of  teat  equlpatent  during 
final  checkout  of  teat  stand.  Operate  engine. 

SURT  C-10  MATED  I  NUT  STAND 

Initiate  design  and  procurement  of  *he  necessary 

■pedal  teat  equipment  for  C-10  heated  inlet 

teat  tund.  Design  and  procurement  are  in 

progress. 


COMPUTE  TEST  EQUIPMENT  INSTALL. T1CW 
Complete  the  installation  cf  special  teat  fq-ilp- 
■er.t  on  C-lQ  teat  atand.  Teat  atand  it  ready  fur 
final  checkout- 

COMPLETE  TEST  EQUIPMENT  FOB  C-10  STAND 
Complete  checkout  of  teat  equipment  during  final 
thicket  of  teat  atand.  Operate  engine. 

START  D-  7  CQMPWKNT  TEST  BEHCN 
Initiate  design  and  procurement  of  the  necessary 
special  tail  equipaent  for  D- 7  high  temperature 
f..ol  bench.  Design  and  procurement  are  in  progreae. 

COMPLETE  TEST  EQUXIMENT  INSTALATit* 

Complete  the  installation  of  special  teat  equip¬ 
ment  on  D-7  high  lampne-ar  :  fuel  h*n-n.  Benrk. 
is  ready  for  final  checkout. 

OMPLITE  TEST  EQUIPMENT  FOB  0-7  COMPONENT  T«9T 
BENCH 

Complete  checkout  of  teat  equipment  during  final 
checkout  of  bench.  Operate  component. 

BURT  D - 1 0  COMPONENT  TEST  BENCH 
Initiate  detlg*  anJ  procurement  of  the  necessary 
special  teat  equipment  for  D-IQ  fuel  pump  teat 
bench.  Deaign  and  procurement  are  Sn  progress . 

COCPUU  TEST  EQU1IMENT  INSULATIOi 
Complete  the  Installation  of  apedal  teat  equip¬ 
ment  on  D* 10  fuel  pump  teal  bench.  Bench  la 
ready  lor  final  checkout. 

COMPUTE  TEST  CQUIMHT  FOB  D- 10  Ct*K**NT  TEST 

Combat*  checkout  of  teat  equipment  during  final 
checkout  of  bench.  Oparate  fuel  pu*P. 

8URT  D-U  COMPONENT  TAT  BNC« 

Initiate  datlgn  and  pn‘  ura«nent  of  the  necessary 
■pedal  teat  equipment  lot  9*1 1  fi**1  coni roi  teat 
bench .  Design  and  procurement  are  l»  progress. 

COMPUTE  TEST  EQUIP**  INHALATION 
complete  the  installation  of  apedal  r«a<  equip¬ 
ment  on  D- 1 1  fuel  control  teat  bench.  Bench  te 
reedy  lor  final  checkout. 


COKPUTt  TEST 

SQD1  WERT 
INSTALLATION 

START  lOtlTIW 
system  ALTITUD* 

TEST  BENCH 

PROOJRE  AND  INSTALL  SPECIAL  1E9T  equip**?  ^ 

EXT  WENT  Fiat 

IGNITION  5YSBM 
ALTITUDE  It  ST 

j  BENCH 

SJ  |  5  |  1-67 

SA  (  C  \  7-67 

”J  c  L-  ” 

STAR*  IGNITION 

system 

ENVIROWCNTAL 
TEST  M*CH 


FROQ-'RE  AW  INSTALL  SPtClAL  TEST  tt?U IffffrT 


COMPUTE  TEST 

KQUItWNT 

INSTALLATION 


57  I  C  1  7-67 


][£> 


com  run:  ffsr 

equipment  rot 

ICN1TION  SYSTEM 
tMVltCWEKTAl 
TEST  BOICM  _ 


START  RJCTRON1C 
CONTROL  IT  ST 
BENCHES 


PtOCURf  AND  IKSTAl-l-  SPECIAL  TEST  tqUlftgHT 


COMPLETE  TEST 

KQUIWENT 

INSTALLATION 

60  1  C  I  11-67 


COMPLETE  TIST 
EQUIPMENT  FOR 
EUCntONIC 
CONTROL  TEST 

BfMCHRS 


START  TEST 
KJL-1  WENT 

rot 

STAND 

(WiLLOXJS  LAI) 


PROCVRi.  AND  INSTALL  SPECIAL  TEST  EQA'I WENT 


COMPUTE  TEST 

EQtlb«NT 

INSTALLATION 


COMPLETE  TEST 
EouincxT  rot 

X.'IU  STAND 
(W1LLC00S  UR) 


||*> 


START  TEST  EQUIP¬ 
MENT  FOR  AEDC  EMC INK 
RE VtkStR- SUPPRESSOR 

COMPUTE  TEST 
EQUIPMENT  F**a 

AEDC  ENGINE 

PROCURE  SPECIAL  TTST  EQUI WENT  ^ 

|  TEST  Of  REVERSE*- 

SUPPRESSOR 

65  |  S  ]  6-6H 

M  |  c  j  W-* 

START  IE  ST  fQUIP- 
TCNT  rtx  AEDC 
GROUND  TEST  ENGINE 


PROCURE  SKOAL  TTST  EQt’IWEHT 


COMIUTt  TEST 
KJOT  WENT  FOR 
At  DC  CRCWD 
IT  ST  ENGINE 


«r*tur* 

In  progress. 


EVENT  DICTIONARY 
I  .OS  TEST  iqUIVNMT 

Description  and  Criteria 

COMPLETE  TRST  NCUMXT  FOR  0- 11  CmWNINT 
TEST  BENCH 

Complete  ch«c WHJt  of  teat  equlpoeat  during  final 
ch*< Rout  of  teat  bench.  Operate  fuel  control. 

START  D- 1 1  COMPONENT  STAND 

Initiate  design  and  procurement  of  the  neces* 
eery  special  teet  equipment  for  D-12  fuel  control 
teat  bench.  Design  end  procurement  are  In 
progress. 

COMPLETE  It;.T  HJUIWINT  INSTALLATION 
Complete  the  Installation  of  epecial  reel  equip¬ 
ment  on  D-12  fuel  control  teat  bench.  Bench  it 
ready  for  final  checkout. 

COMPUTE  TEST  IQUIPWNT  FOR  0-'2  CWOWNT  STAND 
Complete  checkout  ot  teat  equipment  during  final 
checkout  of  teet  bench.  Operate  tht  fuel 
control . 

START  D*  lb  COMPONENT  TRST  BENCH 

Initiate  design  end  procurement  of  the  neceaaary 

special  teat  equipment  fot  D-16  hydraulic  pump 

teet  bench.  Deetgn  and  procurement  are  in  progreaa. 

COMPUTE  TOT  IQUIPKtNT  INSTALLATION 
Complete  the  Installation  of  epecial  teat  equlp- 
nmt  on  D*I6  hydraulic  pump  teat  bench.  Bench 
la  ready  for  final  checkout. 

CiMPUTE  TRST  BQUlJNWtT  FOR  D-U  TEST  BENCH 
Complete  checkout  of  teat  equipment  during  final 
checkout  of  teat  bench.  Operate  the  hydraulic 


START  D-1B  COMPONENT  TEST  BENCH 
Initiate  deelgn  and  procurament  ot  the  neceeeary 
epecial  tu*t  equipment  for  D*li  fuel  control  teat 
bench.  Deelgn  and  procurement  are  In  progress. 

COMPUTE  TEBT  iqUUWNT  INSTALLATION 
Complete  the  Installation  or  special  test  equip* 
nant  on  0*11  fuel  control  teat  bench.  Bench  la 
ready  (or  final  checkout. 


Description  and  CrlterU 

CCMPUIt  TEST  SQUIIMNT  FOR  D-1B  TEST  BIN  CM 
Complete  checkout  of  lest  equipment  during 
final  checkout  .if  teat  bench.  Operate  the  iel 
control . 

START  D-IA  COMPONENT  TEST  STAND 
Initiate  design  anJ  procurement  of  the  neceaaary 
Special  test  equipment  for  D-2i  gearbox  component 
tost  stand.  Design  and  procurement  are  In 

prog reaa • 

COM  PLATE  TEST  M*ll**NT  INSTALLATION 
Complete  the  Installation  ot  special  teat  equip¬ 
ment  on  D-24  component  test  Stand.  Teet  stand 
la  ready  for  final  checkout. 

COMPLETE  TEST  IQC1FWNT  FOR  D-24  COMPONENT 
TEST  STAND 

complete  checkout  of  teat  equipment  during  (Inal 
checkout  of  teet  stand.  Operate  gearbox  and 
lubrication  eyatam  rig. 

START  IGNITION  It  HEM  ALTITUDE  TECT  BENCH 
Initiate  design  and  prncureeont  of  the  nrceaaary 
special  teat  equipment  for  the  Ignition  system 
altitude  test  bench.  Design  and  procurement 
are  in  progreaa. 

OONPUTE  TEH  IQUIIWNT.  INSTALLATION 
Complete  the  Installation  of  apactal  teit  equip* 
meht  on  the  Ignition  syata*  altitude  teat  bench. 
Bench  la  ready  for  final  checkout, 

OQUUn  TEIT  iqDIMNT  FOR  IGNITION  SYSTEM  ALTITUDE 

TEIT  IE»CM 

Complete  checkout  of  teat  equipment  during  tlnal 
checkout  of  test  Bench.  Operate  Ignition 

system. 

HART  launeN  SYSTEM  UVIMMirDU  HIT  BENCH 
Initiate  design  and  procurement  of  the  neceaaary 
special  taat  equipment  for  the  ignition  system 
environmental  teat  Bench.  Desipi  end  procure* 
nant  at*  t»  progreaa. 


COMPLETE  TOT  BQUlPHE) 
Ciwplele  the  install* 
equipment  on  the  Ignt 
teet  bench.  Bench  is 

COMPUTE  TOT  IQUinci 
ENVIRONMENTAL  TOT  Ul 
Complete  checkout  of 
checkout  of  test  beml 

S1ART  ELECTRONIC  CONTI 
Initiate  design  and  p 
speclel  test  squipnj 
control  teet  benchfE. 
ere  In  progress. 

COMPUTE  TIST  EQUIP* 
Luoptete  the  installs 
equipment  on  the  elei 
benches-  Benches  ate 


COMPUTE  TOT  EQUIP* 
TIST  BENCHES 
Complete  checkout  of 
checkout  of  teat  bencl 
fuel  control*. 

START  TBIT  EQUlfWNT 
LABORATORY) 

Initiate  deai|n  and  p 
speclel  teet  equlpmec 
stand  In  the  Nillgooe 
procurement  ere  Li  pr 

0Q*Un  TEIT  EQUIP* 
Complete  the  inatalla 
meat  on  E*2lC  altltud 
la  ready  for  Sinai  tb 

ooNnin  TOT  equip* 

LABORATORY) 

Cemplete  checkout  ot 
checkout  of  teat  etan 


\ 


4 


Description  and  Criteria 

cowuri  tost  iqvitmiT  installation 

Ccmpletr  the  installation  of  apeclal  tear 
•qu'.pamnt  on  the  ignition  system  enc  iroiwental 
taat  band).  Band)  u  ready  for  final  checkout. 

confute  mi  equimtot  wit  ignition  systoh 
ENVIRONMENTAL  TOST  BENCH 

Complete  checkout  of  teat  equipment  durln|  final 
checkout  of  teat  bench.  Ope  rata  ignition  ayac**. 

STAS  I  ELECTRONIC  CONTROL  TOST  BENCHES 
Initiate  design  and  procurement  of  the  necaeaary 
spec  la l  teat  equipment  for  two  electronic  fuel 
control  teat  bench** .  Daalgn  and  procurement 
are  in  progress. 

CONFUTE  TOST  iqUlRttff  INSTALLATION 
Complete  the  inatallstlon  of  apacial  tail 
equipment  on  tha  electronic  control  teat 
bench** .  Benches  arr  ready  for  final  checkout. 

CONFUTE  TO8T  IQUinCNT  FOR  lUCtRUNK  CONTROL 
TOST  lUtCWS 

Couplet*  checkout  of  teat  eguipawnt  during  final 
checkout  of  taat  bench**.  Operate  electronic 
fuel  control*. 

STAB'  TOST  IQUinCNT  FOR  X-210  STAND  (WILL000S 
ABORATOBY) 

.nltlate  design  and  procurement  of  tha  naceatery 
special  tail  equipment  for  X*210  altitude  teat 
aland  in  tha  Wlllgooe  Laboratory.  Dealt*  and 
procurement  era  In  progreea. 

oc wun  air  cwiiwr  installation 

Ampler*  the  installation  of  apacial  raat  equip* 
mant  on  X-210  altitude  taat  atand.  Teat  stand 
la  teady  for  final  chachaut. 

TOHFUTl  TUT  ZOUlTMINT  FOR  X-J10  STAND  fUlUDOQR 
UMCtAlXJtr) 

Complete  rheckout  *1  Uat  equipment  during  final 
checkout  of  tool  stand.  Ope  rat#  angina. 


tuant  Humbet 
6* 


07 


II 


II 


70 


71 


72 


Deacrlption  and  CrttarU  Ivant  Number 

START  TOST  IQUlFICNT  FOR  AEDC  ENGINE  REVERSES-  7) 

SUFFRISSOR  TIST 

inltlata  daalgn  and  procurement  of  tha  nectaaary 
special  taat  equipment  for  the  ABDC  engine  teat 
of  tha  reverse; -auppreaaor .  Daalgn  and  procure¬ 
ment  at*  in  progress  .  H 

CONFUTE  TOST  IQUiriTONT  FOR  AIDC  INC  I  HI  TOST 
OF  UTUSU* SUFFRISSOR 

Complete  procurement  and  impeciion  of  the 

necetiary  tfjt  equipment  required  lor  the  engine  Jb 

test  »f  the  fsvaraer-auppretaor  at  AIDC.  Deliver 
teat  equipment  with  engine. 

START  TOST  IQC1PWNT  FOR  AIDC  0 ROUND  TOST  IN01M 

Initiate  daelgn  and  procurement  of  the  neceeeary  76 

•peclal  test  equipment  lor  the  first  ABDC  ground 

teal  engine.  Deelpt  and  procurement  era  in 

prograaa . 

CONFIX Tt  TOST  EGUIFNBNT  FOR  AIX  GROUND  TMT  77 

HOUR 

Complete  procurement  and  inepecrion  of  the 
necessary  taat  equipment  required  for  the 
first  ABDC  ground  taat  angina.  Deliver  teat 

equipment  with  engine.  7B 

START  FVU  CONTROL  «IT  BRNCN 

Initiate  design  »nd  procurement  of  the  neceeeary 

•pacta)  teat  equipment  lor  a  prototype  fuel  jq 

control  last  bench.  Daalgn  and  procurement  ar* 

in  progress. 

CONFUTE  TOST  WUIFNWT  INITALUTIQN 

Complat*  the  inaullat ion  of  apodal  test  equip*  SO 

msnt  on  tha  prototype  fuel  control  taat  bench. 

Beach  la  ready  lor  final  chackowt. 

OCHFUn  TO*?  BQUUTOBNT  FOR  IROTOTYF1  CONTROL 
TOST  ■NGN 

Camp lata  (her bout  of  test  equipment  during  final 
checkout  a<  taat  bench,  Operate  fuel  cmnirel. 

START  HYDRAULIC  PUNT  TOST  BENCH 

Initiate  design  and  precuremant  of  lha  nacaaaaty 

a  pedal  taat  aqwipmant  far  a  prototype  hydraulic 

pump  teat  bench,  feaign  and  procurement  are  In 

pragma. 


Description  and  Criteria 


COMPUTE  TOST  RQUlFlCNT  INSTALLATION 
Comp lots  the  inaiallat ion  of  apacial  teat  equip¬ 
ment  on  the  prototype  hydraultc  pump  taat  hanch. 
bench  la  ready  for  Una!  checkout. 

CONFUTE  TOST  iqUlFMfNT  FOR  FROTOTYF*  HYDRAULIC 
IVNP  TOST  ftHL'N 

Complete  checkout  »f  teat  equl^ent  during  final 
checkout  of  taat  bench.  Operate  hydraulic  pump. 


START  FUEL  N0Z.2U  TOST  TOUCH 

Inltlata  dealgn  and  procurement  of  the  nectaaary 
•peclal  teat  equipment  lor  a  prototype  fuel  noaale 
taat  bench.  Daalgn  and  procurement  arc  in  progrea*. 


CONFUTE  TOST  MU1INBNT  INSTALLATION 
Complete  tha  installation  ol  apacial  teat  equip¬ 
ment  on  the  prototype  fuel  noaale  teat  bench, 
gench  la  raady  for  final  checkout. 


CONFUTE  TOST  WJUIFITONT  FOR  FROTOTYFB  FVIL  WMZU 
tost  BENCH 

Complete  checkout  of  teat  equipment  during  line! 
checkout  of  teat  bench.  Operate  fuel  noealea. 


INC INI  FTS 

laferance  eng  bit  network  1.06  for  daac  ripe  ion 
and  criteria. 

CONFUTE  SUSTAINING  BNCUTOERINO  FOR  100-H0U1 
FLIGHT  TOST 

Ind  of  Fhaa*  III.  Completion  of  100  hour*  of 
flight  totting. 

I HOIKS  CBRT1FICATI0N 

Reference  angina  network  1.06  for  deacrlption 
end  criteria. 
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D#«i  r  Ipl  ion  and  Criteria 

STAKT  tIST  KQUmCMT  FOB  At  DC  INC INI  KBVKKSBK- 
SUPPKISSOK  TBST 

lnlc l«t*  design  and  procurement  of  the  nacaaaary 
special  teat  aquicoMnt  for  the  At  DC  angina  teat 
of  tha  raveraer -auppreaaor  .  Daalgn  and  promts* 
«an(  (fa  In  progress. 

CUWTUn  TtST  tquirwRT  fob  akdc  bncini  hit 
op  unuii'iurmiiOK 

Compute  piucuvanant  and  Inspection  of  tha 
nacaaaary  taat  equipment  required  for  tha  angina 
taat  at  tha  reversal ^suppressor  at  AKDC.  Dallvar 
taat  equipment  with  angina. 

STAKT  TIST  KMIMXT  **  MDC  CtOCITO  TtST  BNC1NB 
In  It  lata  daalgn  and  procurement  of  tha  nacaaaary 
a  pat  lal  taat  equipment  for  tha  (lrat  AKDC  ground 
taat  aaglna.  Daalgn  and  procuraaant  ara  In 
progrtaa. 

COMPUTK  TMT  RQUIPMHT  FOt  A* DC  T»WNO  TMT 

inoiw 

Cuasplstc  procurement  and  inapaction  of  tha 
nacaaaary  taat  equipment  required  for  tha 
flrat  AKDC  ground  taat  angina.  Dallvar  taat 
equlpMSnt  with  angina. 

STAKT  PML  GOVTIDL  IfST  WCM 
Initial#  daalgn  and  procuraaant  of  tha  nacaaaary 
apodal  taat  equipment  tor  a  protetypa  fual 
control  taat  Sanch.  Daalgn  and  procuraaant  ara 
in  progress. 

OOMPUfl  TMT  NUtfWKT  UUTALUTU* 

Caaplala  tha  installation  of  apactal  taat  equip* 
aaot  eg  tha  pratotypa  fual  control  taat  tench, 
leach  Is  raady  for  final  chachout, 


QOMfun  TUT  iquifNurr  pok  rtororm  contdol 
TMT  «MCK 

Coaplala  char  haul  of  taat  equipment  during  final 
that  bat  of  taat  hanch.  Oparata  fual  control. 


STAKT  MYBMULIC  PUMP  TMT  MNCM 

UUUa  daalgn  and  procuraaout  af  tha  nacaaaary 

special  taat  equipment  far  a  prototype  hydraulic 

pump  taat  hanch.  Daalgn  and  procurement  ara  la 

prograpa. 


Bvant  Umber 

71 

7* 

75 

71 

77 

71 

7« 
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Description  and  Crltaria 

COMMITS  TIST  tQUIPWKT  INSTALLATION 
Complete  tha  tnatallatlon  of  apaclai  taat  tqulp- 
nant  on  tha  prototypa  hydraulic  punp  taat  bonch. 
Sanch  la  raady  for  final  chachout. 

COMFUTt  TIST  iqUIPWNT  FOg  PIOTOTTPB  HYDAAULIC 
PUNP  TEST  «NCH 

Complete  chachout  of  taat  equipment  during  final 
checkout  of  taat  banch.  Oparata  hydraulic  (aimp. 

STAKT  FVIl  NOZZUt  TMT  MUCH 

initial#  design  and  procurauant  of  tha  nacaaaary 
apaclai  taat  equlpamnt  for  a  prototypa  fual  non  la 
taat  bonch.  Daalgn  and  procurement  ara  In  prograat. 

COMPUTK  TMT  KqUIPNKNT  INSTALLATION 

Complete  tha  Inatallatlon  of  apaclai  taat  equip* 

■ant  on  tha  prototypa  fual  noaalo  taat  eh. 

Banch  la  ready  for  final  chachout. 

COMPLKn  TMT  KQUinCNT  POK  PKOTOTYPI  PUB l  NOZIU 
TMT  BBNCM 

Complete  chachout  of  taat  equipment  dur  ng  final 
checkout  of  taat  hanch.  Oparata  fual  non  lea. 

I  NO  INK  PTB 

Deference  angina  network  1.0*  for  description 
and  crltaria. 

COMP Li Tl  SUSTAIN INO  INQlNBIhlNO  POK  lOO-HOMt 
PLIGHT  TtST 

Ind  of  These  lit.  Ccmpletlon  of  100  hours  of 
fll#t  tasting. 

INBlNt  CUTiriCATlON 

taforanca  angina  network  l.Og  for  description 
and  criteria. 


A 


\ 


JMMM ***** 


FD  17920 
VH 


1.06  ENGINE  TEST  -  GROUND 


Pratt  A  Whitney  Aircraft 

PWA  FP  66-100 
Volume  V 


The  JTF17  engine  will  be  developed  to  meet  all  the  requirements  of 
the  engine  model  specification,  recognizing  the  FAA's  objective  of 
obtaining  a  600-hour  minimum  TBO  for  initial  aircraft  service  with  escala¬ 
tion  of  this  overhaul  interval  to  at  least  3000  hours.  It  is  the  intent 
of  the  engine  development  program  first,  to  demonstrate  the  specification 
performance  levels;  and  second,  by  means  of  limits,  overstress  and  endur¬ 
ance  tests,  to  ferret  out  engine  weaknesses  and  to  force  the  appearance 
of  failures  during  the  ground  test  development  cycle  prior  to  the  flight 
program. 

This  engineering  development  test  program  is  designed  to  obtain  the 
maximum  amount  of  meaningful  information  in  the  shortest  possible  time. 
Design  changes  dictated  by  test  results  can  thus  be  translated  quickly 
into  hardware,  improvements  can  be  verified  by  further  testing,  and  product 
maturity  can  be  achieved  in  minimum  time. 

The  test  goal  for  the  development  of  the  JTF17  engine  in  Phase  III  is 
the  completion  of  the  Flight  Test  Status  Test  in  June  1969,  and  in  Phase  IV 
the  completion  of  the  Engine  Certification  Test  in  December  1971.  Toward 
these  goals  it  is  ancitipated  that  the  following  approximate  hours  of  engine 
and  component  rig  test  time  will  have  been  accumulated: 


Hours 
at  FTS 

Hours  at  End 
of  Phase  III 

Hours  at  Engine 
Certification 

Engine 

4,000 

8,000 

14,500 

Fan  and  Compressor 

2,920 

4,300 

5,500 

Primary  Combustor 

4,700 

6,900 

9,250 

Turbine 

2,540 

3,290 

3,750 

Augmentor 

2,460 

3,220 

3,970 

Exhaust  System 

3,150 

4,600 

6,150 

Controls  and 
Accessories 

46,000 

90,000 

137,000 

Lubricants , 

41,150 

54,500 

58,450 

Lubrication  System, 
Bearings,  Seals, 
and  Gears 


Statistical  methods  will  be  applied  during  the  pretest  planning  to 
assist  in  the  test  integration.  Component  and  engine  test  programs  are 
devised  to  obtain  the  maximum  relevant  information  from  each  test  by  (1) 
proper  design  of  experiments,  (2)  analysis  of  instrumentation  precision 
and  accuracy,  (3)  statistical  data  analysis,  and  (4)  the  measurement  of 
the  uncertainty  associated  with  the  estimates  and  conclusions  based  on 
experimental  data.  Statistical  methods  will  also  be  used  in  optimising 
computer  data  reduction  programs,  determining  instrumentation  requirements 
and  calibration  methods,  and  in  the  analysis  of  reliability  data. 
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Initial  engine  testing  in  Phase  III  will  be  conducted  utilizing  the 
three  JTF17A-20  engines  available  from  Phase  II-C.  These  engines  will  be 
supplemented  by  additional  development  engines  that  have  been  fabricated 
to  the  JTF17  parts  list  resulting  from  the  Phase  II-C  effort.  The  three 
engines  completed  in  Phase  II-C  will  be  refurbished  to  the  later  design 
during  Phase  III.  Approximately  12  JTF17  development  engines  will  be 
active  in  the  program  through  engine  FTS  and  15  engines  through  Certifica¬ 
tion.  It  is  expected  that  approximately  4000  hours  will  have  been  accumu¬ 
lated  by  FTS  and  14,500  hours  by  Engine  Certification. 

The  component  and  engine  test  programs  are  closely  interrelated.  It 
is  the  purpose  of  the  engine  test  program  to  continue  the  development  of 
the  components  as  an  integrated  part  of  the  engine  systems.  Complete 
component  interaction  cannot  be  adequately  simulated  in  the  component 
test  rigs. 

Engine  testing  will  be  conducted  at  sea  level  conditions  with  and 
without  heated  inlet  and  also  at  simulated  altitude  conditions. 

A.  Engine  Calibration 

1.  Sea  Level  Calibration 

Sea  level  calibrations  will  be  accomplished  to  determine  engine  and 
component  performance.  Pertinent  parameters  will  be  recorded  to  measure 
the  integrated  system  performance;  i.e.,  airflow,  fuel  flow,  thrust,  inlet 
and  discharge  pressure  and  temperature  of  the  fan  and  high  compressor,  main 
burner  pressure  drop,  turbine  discharge  pressure  and  temperature,  duct 
heater  inlet  and  discharge  pressure  and  temperature,  and  reverser- suppressor 
discharge  pressure  and  temperature.  Calibrations  will  be  completed  with 
and  without  the  reverser-suppressor  installed  on  the  engine. 

Design  modifications  will  be  accomplished  as  dictated  by  test  results. 
These  modifications  will  be  Incorporated  into  the  engine  and  additional 
calibrations  will  be  completed. 

2.  Altitude  Calibrations 

Altitude  calibrations  to  determine  performance  will  be  conducted  under 
simulated  transonic,  subsonic,  and  cruise  conditions  except  as  limited  by 
the  facilities  utilised.  The  same  types  of  parameters  as  described  in  (1) 
preceding,  will  be  recorded.  As  in  the  case  of  the  sea  level  calibrations, 
design  changes  in  the  engine  will  be  evaluated  where  they  affect  perform¬ 
ance. 

3.  Types  of  Calibrations 
a .  Starting 

Sea  level  starting  calibrations  will  be  accomplished  to  establish  and 
develop  the  engine  start  cycle.  Such  variables  as  ignition,  speed  fuel 
flow,  etc.,  will  be  measured. 
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b.  Windmill 

The  engine  windmill  airflow  will  be  measured  over  a  range  of  altitude 
and  Mach  numbers  to  determine  windmilling  drag. 

c.  Altitude  Relight 

Primary  combustor  and  duct  heater  relight  capability  will  be  developed 
to  meet  the  requirements  of  the  engine  model  specification,  and  the  relight 
margin  will  be  established. 


d.  Performance 


Sea  level  and  altitude  calibrations  will  be  accomplished  to  establish 
and  develop  the  required  level  of  performance  of  the  complete  engine  as 
well  as  component  interrelated  performance. 

B.  Reliability  and  Durability 

1 .  Endurance 

An  intensive  endurance  program  which  includes  limits  and  weak  link 
testing  to  uncover  engine  deficiencies  will  be  completed  under  both  sea 
level  and  altitude  conditions  to  develop  and  establish  the  durability  and 
reliability  of  the  JTF17  engine  system  and  the  reverser-suppressor.  The 
initial  phase  of  this  program  will  be  accomplished  at  sea  level  conditions 
and,  as  soon  as  adequate  capability  has  been  demonstrated,  the  program  will 
be  extended  to  the  altitude  phase  to  test  the  engine  at  subsonic,  transonic, 
and  cruise  conditions.  A  major  portion  of  this  testing  will  be  conducted 
in  the  form  of  a  typical  mission  cycle,  as  defined  by  the  engine  model 
specification. 

2.  Vibration  and  Stress 

Sea  level  and  altitude  engine  testa  will  be  accomplished  to  measure  and 
reduce  to  acceptable  levels  the  operational  engine  system  vibration  and 
stress  levels  of  all  major  rotating  and  stationary  components  such  as  blades, 
disks,  shafts,  front  and  rear  engine  mounts,  compressor  and  turbine  stators, 
etc.,  during  steady-state  and  transient  sea  level,  subsonic,  transonic,  and 
cruise  conditions.  Critical  speed  calculations  will  be  verified  by  this 
testing  and  monitoring  points  for  future  Aircraft  Integrated  Data  Systems 
will  be  established,  in  part,  by  this  testing  through  the  establishment 
and  monitoring  of  linear  vibration  pickup  points. 

3.  Heat  Rejection 

Engine  fuel  and  oil  system  heat  rejection  characteristics  will  be 
established  and  developed  to  the  level  required  for  satisfactory  engine 
operation.  This  development  will  be  conducted  at  both  sea  level  and 
altitude  and  at  all  engine  operating  conditions.  In  addition,  engine 
case  heat  rejection  levels  will  be  established  for  conditions  through  the 
engine  operating  envelope. 
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4.  Ingestion  Tests 

Ice  and  birds  will  be  introduced  into  the  engine  inlet  with  the  engine 
operating  at  various  engine  power  settings  and  at  various  subsonic  speeds. 

5.  Fatigue  Life  Tests 

a.  Low  Cycle  Fatigue  (LCF) 

Engine  cyclic  testing  will  be  conducted  to  supplement  laboratory  ma¬ 
terial  and  spin  pit  tests  to  develop  and  demonstrate  adequate  LCF  of  all 
compressor  and  turbine  disks.  Each  LCF  test  cycle  will  consist  of  a  simu¬ 
lated  climb  to  cruise  Mach  number  from  sea  level  takeoff  and  return. 

Cycling  will  be  conducted  at  the  rate  of  temperature  changes  anticipated 
for  aircraft  service.  These  cycles  will  be  accomplished  in  a  sea  level 
test  stand  utilizing  heated  inlet  air.  Intermediate  inspections  will  be 
made  to  record  pertinent  data  such  as  disk  and  blade  growth  and  parts 
distortion. 

b.  Thermal  Fatigue 

The  development  of  adequate  thermal  fatigue  life  capability  will  be 
accomplished  through  cyclic  engine  tests  consisting  of  accelerations  from 
idle  conditions  to  maximum  turbine  inlet  temperature  and  return.  It  is 
the  goal  of  this  program  to  demonstrate  total  system  integrity  for  1000 
cycles. 

6.  Thermal  Gradient  Tests 

These  tests  will  be  conducted  at  both  sea  level  and  altitude  condi¬ 
tions  to  obtain  steady-state  and  transient  temperature  data  of  critical 
rotating  and  stationary  parts  to  develop  and  demonstrate  satisfactory 
thermal  gradients.  Of  particular  interest  are  bore  to  rim  disk,  and 
turbine  blade  and  vane  radial  and  chordwise  gradient  characteristics. 

7 .  Noise  Level 

Calibrations  of  the  complete  engine  with  the  reverser- suppressor 
Installed  will  be  obtained  to  establish  the  perceived  noise  levels  at 
various  engine  power  settings  up  to  sea  level  takeoff  conditions.  Measure¬ 
ments  will  be  made  of  both  near  and  far  field  noise.  Analysis  will  be  made 
of  the  data  from  these  tests,  and  design  modifications  will  be  accomplished 
and  evaluated.  Variations  of  the  quentlty  of  secondary  and  tertiary  air 
supplied  to  the  reverser-suppressor  are  typical  of  some  of  the  modifications 
that  may  be  tested.  Duct  sound  attenuation  schemes  such  as  acoustic 
liners,  will  Also  be  investigated,  if  required. 

8.  Containment 

During  the  course  of  engine  testing  at  overspeed,  over temperature , 
and  hl^t  vibratory  and  stress  level  conditions  some  failures  of  engine 
parts  will  undoubtedly  occur  and  the  ability  of  the  engine  to  contain  such 
failures  will  be  demonstrated.  In  addition  to  engine  testing,  failures 
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that  occur  in  compressor  and  turbine  rigs  will  also  serve  to  demonstrate 
the  ability  of  the  engine  to  contain  such  failures.  It  is  to  be  noted 
that  these  component  test  rigs  utilize  engine-type  cases  or  the  equivalent. 

9.  Failure  Analysis 

Engine  testing  at  overload  conditions  will  force  failures  of  engine 
parts  to  occur.  These  failures  will  be  analyzed  and  corrective  action 
will  be  taken.  Retesting  of  the  redesigned  components  under  those  condi¬ 
tions  which  induced  the  original  failure  will  be  conducted  to  establish 
the  validity  of  the  corrective  action.  This  work  will  be  supplemented  by 
laboratory  testing  of  engine  materials  and  structural  parts  under  simu¬ 
lated  loads.  Stress  coating  and  strain  gages  will  be  used  in  this  test 
effort. 

10.  Simulated  Flight  Maneuver  Loads 

Static  frame  testing  under  simulated  manuever  load  conditions  will  be 
conducted  on  all  major  structural  cases.  These  tests  are  accomplished  by 
applying  the  loads  encountered  under  flight  maneuver  conditions  to  a  static 
frame  consisting  of  the  engine  structural  load  carrying  cases.  Stress- 
coat  material  will  be  used  to  define  the  high  stress  areas,  and  the  sub¬ 
sequent  rcapplication  of  the  simulated  flight  imneuver  loads  with  the 
strain  gages  located  at  the  high  stress  areas  will  enable  accurate  deter¬ 
mination  of  the  stress  level  of  the  part.  Corrective  redesign  action  will 
be  taken,  as  required,  and  the  parts  will  be  subsequently  retested. 

11.  High  "Q''  Test 

Engine  tests  will  be  conducted  at  engine  operating  conditions  simulating 
the  range  of  high  "Q"  conditions  to  be  encountered  in  service  use  to  demon¬ 
strate  the  engine  structural  reliability.  These  tests  will  also  serve  to 
further  demonstrate  the  durability  and  reliability  of  the  thrust  bearings. 

12.  Control  System 

Engine  teats  directed  toward  development  of  the  control  system  will  be 
conducted  at  both  sea  level  and  altitude  conditions.  These  tests  will  in¬ 
clude  evaluation  and  development  at  transient  as  well  as  steady-state  opera¬ 
tion  of  items  such  as  throttle  response,  main  and  duct  heater  fuel  flow 
metering,  duct  heater  noxxle  response  rate,  etc.  Integrated  engine  aystem 
development  of  each  of  the  control  systems  will  be  accomplished.  This  will 
include  evaluation  of  the  main  fuel  control,  duct  heater  controls,  bleed 
pilot  valves,  hydraulic  system,  etc. 

13.  Integrated  Engine  System  Component  Tests 

The  component  test  program  includes  performance  and  durability  develop¬ 
ment  at  sea  level  and  altitude  conditions.  Off-design  and  limits  testing 
will  be  accomplished  to  determine  component  operation  margins.  These  data 
will  be  used  to  assist  the  design  effort  Involving  corrective  action  or 
redesign  and  the  establishment  of  service  operation  limits.  In  addition, 
the  component  programs  will  evaluate  the  effectiveness  of  service  repair 
techniques  and  service  repair  limits.  Extensive  Instrumentation  will  be 
used  as  required  In  the  component  rigs  for  the  aforementioned  programs. 
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a.  Fan  and  High  Compressor 

Engine  testing  at  sea  level  and  altitude  steady-state  and  transient  and 
at  starting  conditions  will  be  conducted  to  determine  and  develop  satis¬ 
factory  operation  of  the  fan  and  high  compressor  with  respect  to  the 
following: 

1.  Stress  levels 

2.  Performance 

3.  Surge  characteristics 

4.  Distortion  tolerance 

5.  Flow  split  (duct  flow  vs  high  compressor  flow) 

6.  Durability 

7.  Service  repair  limits. 

b.  Main  Burner  Test 

Sea  level  and  altitude  tests  will  be  conducted  at  transient  and  steady- 
state  conditions  to  determine  and  develop  satisfactory  mein  burner  perform¬ 
ance  characteristics  in  the  following  areas: 

1.  Pressure  loss 

2.  Turbine  inlet  temperature  pattern,  radial  and  circumferential 

3.  Durability 

4.  Service  limits 

5.  Repair  limits 

6.  Fuel  nozzle  performance  (carbon  formation,  correct  spray 
pattern,  etc.) 

7.  Relight  capability. 

c.  Turbine  Test 


Engine  testing  will  be  conducted  at  sea  level  and  altitude  conditions 
under  both  steady-state  and  transient  conditions  to  develop  satisfactory 
operation  of  the  turbine  with  respect  to  the  following: 

1 .  Performance 

2.  Durability  of  materials  and  coatings 

3.  Cooling  effectiveness  of  aircooled  stages 

4.  Thermal  fatigue  life 

5.  Overtemperature. 

d.  Duct  Heater  Test 

Sea  level  and  altitude  testa  will  be  accomplished  at  steady-state  and 
transient  conditions  directed  toward  the  satisfactory  development  of  the 
following  characteristics  of  the  duct  heater: 

1.  Durability  and  reliability 

2.  Performance 

3.  Relight  capabilities  and  characteristics 

4.  Nozzle  response  rate 

5.  Radial  and  circumferential  temperature  distribution. 
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e.  Reverser- Suppressor  Test 


i 


£ 


Engine  testing  will  be  conducted  to  develop  the  required  capability 
of  tK«  reverser- suppressor  with  respect  to  the  following: 

1 .  Performance 

2.  Durability 

3.  Noise  suppression 

4.  Reverse  thrust  capability. 

14.  Maintainability 

The  total  tuaintainability  concept  designed  into  the  engine  will  be 
demonstrated  in  the  engine  test  program.  Specific  items  that  will  be  - 
established  are: 

1.  The  number  of  manhours  to  perform  operations  such  as  filter 
inspection,  fuel  control  component  replacement,  hot  section 
inspection,  main  burner  liner  inspection,  duct  heater  in¬ 
spection,  high  compressor  inspection,  reverser- suppressor 
removal,  lst-stage  turbine  vane  replacement,  and  turbine 
replacement 

2.  Adequacy  of  the  tools  to  accomplish  the  above  mentioned 
tasks 

3.  Adequacy  of  techniques  such  as  radioisotope  and  X-ray,  for 
inspection  of  internal  engine  parts 

4.  Adequacy  of  the  locations  of  inspection  ports,  borescope 
holes,  tube  connections,  brackets,  ground  handling  lugs, 
etc.,  to  facilitate  maintainability. 

15.  Flight  Test  Status  Test  (FTS) 

The  suitability  of  the  engine  for  use  in  the  prototype  flight  program 
will  be  demonstrated  by  the  satisfactory  completion  of  an  FTS  in  June  1969, 
in  accordance  with  the  requirements  of  the  75-hour  endurance  test  described 
in  the  JTF17  engine  model  specification.  The  official  FTS  test  will  be 
preceded  by  at  least  one  unofficial  endurance  test  to  this  schedule. 
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16.  Engine  Certification  Test 

During  Phase  IV  the  official  engine  certification  test,  in  accordance 
with  the  schedule  defined  by  the  engine  model  specification,  will  be  com¬ 
pleted  on  December  1,  1971.  The  official  test  will  be  preceded  by  at  least 
one  unofficial  test.  This  test  and  the  supporting  data  for  certification 
V$ll  encompass  the  following: 

1.  150-hour  endurance  test  at  simulated  aircraft  mission 
conditions 

2.  Maximum  low  and  high  rotor  speed  test 

3.  Starting 

4.  Maximum  exhaust  gas  temperature  tests 

5.  Maximum  oil  temperature  tests 

6.  Engine  component  bench  and  environment  tests 

7.  Oil  tank  tests 

8.  Foreign  object  ingestion 

9.  Demonstration  of  LCF  characteristics 

10.  Surge  characteristics 

11.  Fuel  system  icing  tests 

12.  Induction  system  icing  tests 

13.  Failure  analysis  of  control  system 

14.  Turbine  rotor  overspeed  test  and  measurement  of  disk  and 
blade  stress  in  engine  and/or  rigs 

15.  Turbine  overtemperature  test  and  measurement  of  disk  and 
blade  stress  in  engine  and/or  rigs 

16.  Thrust  response 

17.  Gearbox  substantiation  -  150-hour  endurance  test  at  rated 
torque 

18.  Calibrations  -  performance  demonstrated  before  and  after 
the  endurance  test. 

The  major  milestones,  network  chart  and  event  dictionary  for  engine 
testing  are  shown  in  figures  11  and  12,  respectively. 

A  detailed  description  of  the  engine  test  program  is  presented  in  the 
Test  and  Certification  Plan,  Volume  III,  Report  E,  and  testing  planning 
and  integration  is  presented  in  Test,  Volume  IV,  Report  E. 
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Performance  analysis  of  the  JTF17  development  engine  will  continue 
throughout  Phase  III  and  include  data  reduction,  processing  and  analysis 
of  all  development  engines  and  component  rigs.  Based  on  the  results  and 
the  engine  requirements,  test  programs  will  be  designed  to  obtain  the 
maximum  relevant  information  from  the  minimum  number  of  tests.  Component 
performance  analysis  will  be  continued  to  ensure  that  the  engine  require¬ 
ments  for  the  component  are  reflected  in  the  development  program  and  to 
continuously  rematch  the  development  engines  to  take  advantage  of  the 
latest  component  configuration.  A  digital  computer  simulation  of  the 
latest  development  engine  configuration  will  be  maintained. 

Matching  studies  will  be  conducted  to  ensure  that  the  engine  configura¬ 
tion  is  based  on  the  bust  use  of  its  respective  components.  Special  studies, 
such  as  tradeoffs  for  airbleed  systems,  power  extraction,  inlet-engine 
optimization  emergency  requirements,  starting  and  heat  rejection,  will  be 
continued  to  support  the  airframe  manufacturer. 

The  analysis  of  noise,  methods  to  attenuate  noise,  and  methods  to 
take  advantage  of  the  turbofan  cycle  to  reduce  noise  will  be  continued 
throughout  Phase  III.  Test  programs  will  be  designed  to  develop  attenua¬ 
tion  methods  and  to  study  the  mechanism  of  noise  generation  within  the 
engine.  The  water  table  will  be  used  as  a  hydraulic  analog  for  analysis 
of  turbulent  mixing  regions  as  they  relate  to  noise. 

Steady-state  digital  computer  simulations  will  be  maintained  and  up¬ 
dated  for  the  JTF17  production  engine  at  Pratt  &  Whitney  Aircraft,  the  air¬ 
frame  manufacturer  and  an  agency  designated  by  the  Federal  Aviation  Agency. 
Transient  simulation  on  analog,  digital  and  hybrid  analog-digital  computers 
will  be  updated  and  provided  to  the  same  agencies.  The  transient  simulta- 
tions  will  include  a  dynamic  representation  of  the  inlet  supplied  by  the 
airframe  manufacturer. 

Control  analysis  will  continue  and  include  the  determination  of  control 
schedules;  the  dynamic  analysis  of  the  engine  and  control  system;  and  the 
analysis  of  the  interaction  between  the  engine,  control  system,  the  inlet, 
and  the  inlet  control  system.  This  latter  activity  is  part  of  the  overall 
inlet-engine  compatibility  study  which  also  includes  the  optimization  of 
airflow  relationships  between  the  inlet  and  the  engine  and  the  effect  of 
inlet  generated  distortion  on  the  engine. 

Statistical  engineering  is  an  integral  part  of  performance  and  analysis, 
and  particular  emphasis  will  be  placed  on  the  following: 

1.  Planning  and  designing  experimental  programs 

2.  Instrumentation,  precision  and  accuracy  analysis 

3.  Selection  and  calibration  methods  for  engine  and  component 
Instrumentation 

4.  Analysis  of  experimental  data  including  correlation  regres¬ 
sion  and  analysis  of  variance 

5.  Monte  Carlo  simulation  for  systems  including  stochastic 
elements 
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6.  The  assurance  that  correct  inferences  are  made  from  experi¬ 
mental  results 

7.  A  measurement  of  the  risk  of  error  associated  with  con¬ 
clusions  and  recommendations  based  on  experimental  results. 

Final  optimization  of  the  engine  will  be  based  on  analysis  of  the  air¬ 
plane  mission  including  range,  payload,  economics,  safety,  noise  and  growth 
potential.  This  activity  requires  the  maintenance  of  airplane  performance 
digital  simulation,  extensive  knowledge  of  various  airline  route  structures 
for  the  supersonic  transport  and  the  Federal  Aviation  Agency  requirements 
for  airplane  operation.  Emergency  conditions  such  as  loss  of  cabin  pres¬ 
surization,  engine  failure,  and  diversion  to  alternate  airports  are  included 
in  these  studies. 

The  major  milestones,  network  chart  and  event  dictionary  for  engine 
performance  are  shown  in  figures  13  and  14,  respectively. 

A  detailed  description  of  engine  performance  is  presented  in  Volume  III, 
Report  A,  and  test  planning  and  integration  is  presented  in  Test,  Volume  IV, 
Report  E. 
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Event  Number 
12 


It  STS 
1 1  i  t  wile 


ST 

S  teat. 


Deacr 1 pt Ion  and  Criteria 

COKPLCTt  SUSTAINING  KMC  I  MIX  INC  FOR  100  HOURS 
FLIGHT  TRST 

End  of  Pheee  III.  Completion  of  100  hour a  of 
flight  tearing. 

START  CERTIFICATION  PERFOWANCt  ANALYSIS 
Start  anal ya la  of  data  from  Certification 
performance  teat.  Anal  vale  of  data  la  In  proieaa. 

unofficial  certification  test 

Reference  engine  network  1.06  for  deacrtptlon 
and  criteria. 

ENGIM  CERTIFICATION 

Reference  engine  network  1 .i*  tor  description 
and  criteria. 

CONTINUE  COMPONENT  PERFORMANCE  ANALYSIS 

Continue  anal  y*  la  of  component  teat  data. 

Anal  ye la  of  componant  teat  data  la  in  proceaa. 

START  control  schedule  analysis 

Start  analyala  of  control  echedulee.  Analyala 

of  control  achodulea  la  In  proceaa. 


Description  and  Criteria 


CONTlMKRIS  INLET  DYNAMIC  COMPATIBILITY  ANALYSIS 
Start  continuing  analyala  of  dynamic  compati¬ 
bility  data.  Analyala  of  data  la  In  proceaa. 


START  AOVANOCD  ENCI1*  PERFORMANCE  ANALYSIS 
Start  annivata  ol  advanced  engine  performance. 
Analyala  la  in  proceaa. 


H0OCL  APR)  PERFORMANCE  SPECIFICATION 

Complete  update  of  engine  model  and  performance 

•pe« If Uat ton.  laaue  preliminary  apec l f Icat ion . 


HOWL  AM)  PERFORMANCE  SPECIFICATION 

Cnmpl eta  update  of  engine  modal  and  performance 

•peel f Icat ion.  laaue  preliminary  apec l ficatlon, 


aND  PERFORMANCE  SPECIFICATION 
Complete  update  of  engine  model  and  performance 
•peel  fleet  Ion.  laaue  preliminary  apec l fleet  Ion. 


APRP  PERFORMANCE  SPECIFICATION 
Cn^lata  update  of  engine  model  and  performance 
apec 1  fleet  Ion.  laaue  preliminary  apart ficatlon. 
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Event  Nuihb«c 


Description  and  Criteria 

*®EL  Al®  FClfORNANCE  SPECIFICATION 
Complete  update  of  engine  model  performance 
specification.  Issue  preliminary  Specification. 

HC»|L  AND  KWWUNCE  SPECIFICATION 
Complete  update  of  engine  model  performance 
specification.  Issue  prel  nsinary  specification. 

HCOtL  AND  PERFORMANCE  SPECIFICATION 
Complete  update  of  engine  model  performance 
specification.  Issue  firm  sped  ft.  at  Ion. 

PERFORMANCE  ANALYSIS  Of  INTEGRATED  CONTEOL 
SYSTEM  TESTS 

Start  analysis  of  data  from  Integrated  control 
sy.te*  testa.  Analysis  of  data  Is  m  process. 

SDAIT  INC  iNE-AIEftAM -AIRLINES  MISSION  ANALYSIS 
Starr  analysis  of  engine-alrframs-alrltnes 
mission  Information.  Information  exchange  and 
analysis  in  progress. 
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A  closely  coordinated  effort  will  be  maintained  with  the  airframe 
manufacturer  to  make  maximum  use  of  all  available  data  affecting  the  com¬ 
patibility  of  the  JTF17  engine  and  inlet  with  respect  to  inlet  distortion 
for  both  steady-state  and  transient  operation.  This  effort  is  described 
in  detail  in  Inlet  System  Compatibility,  Volume  III,  Report  D,  Section  II. 
Experience  gained  on  the  J58  project  and  other  Pratt  &  Whitney  Aircraft 
engine  high  Mach  number  applications  will  be  directly  applied  to  this 
program.  Inlet  steady-state  and  dynamic  characteristics  as  obtained  from 
the  airframe  manufacturer  will  be  included  in  the  computer  programs.  This 
will  be  augmented  by  the  data  obtained  during  the  engine/inlet  compatibility 
tests  conducted  by  the  airframe  manufacturer  in  cooperation  with  Pratt  & 
Whitney  Aircraft. 

The  airframe  manufacturer's  inlet  model  tests  will  provide  an  initial 
indication  of  the  distortion  patterns  to  which  the  engine  will  be  subjected. 
These  patterns  will  be  duplicated  with  appropriate  screens  installed  ahead 
of  the  P&WA  fan  rigs.  Tests  run  with  these  screens  will  demonstrate  the 
attenuation  of  this  distortion  that  is  provided  by  the  fan.  This  attenuating 
characteristic  is  essential  to  the  development  of  an  engine  which  will 
operate  surge  free  and  without  performance  loss  with  a  distorted  inlet 
flow  field.  In  addition  to  duplicating  the  inlet  model  distortion  patterns, 
screens  will  be  constructed  to  provide  additional  data  of  a  more  general 
nature  on  the  effects  of  distortion  on  fan  performance.  These  data  will 
be  used  to  improve  the  analytical  simulation  of  distortion  effect  in  our 
fan  and  compressor  performance  prediction  systems.  A  Phase  II -C  engine  will 
be  modified  to  permit  early  evaluation  of  the  fan  to  high  compressor  inter¬ 
actions.  In  addition,  the  fan  rigs  will  be  modified  to  permit  a  controlled 
circumferential  variation  in  the  engine  side  discharge  flow.  This  will  be 
used  to  simulate  the  distortion  attenuating  influences  of  the  high  compressor. 
These  data  will  also  be  used  to  improve  our  analytical  systems. 

A  second  phase  of  the  fan  rig  test  program  will  call  for  testing  of  a 
simulated  subsonic  diffus>  r  of  the  aircraft  inlet  duct.  This  will  impose 
the  static  pressure  gradients  produced  by  the  fan  on  the  diffuser  and  will 
permit  an  evaluation  of  its  performance  under  more  realistic  operating 
conditions  than  were  possible  during  the  airframe  manufacturer's  model 
tests.  This  testing  is  intended  to  provide  early  mating  of  the  inlet  and 
compressor  in  time  to  permit  early  corrective  action. 

Early  in  the  development  program,  full-scale  engine  testing  will  be 
conducted  with  distortion  screens  similar  to  those  described  above.  These 
tests  will  provide  a  demonstration  of  the  engine's  insensitivity  to  the 
distortion  produced  by  the  inlet.  Later  tests  will  incorporate  a  fully 
simulated  inlet  duct.  This  duct  will  be  used  Initially  to  demonstrate 
satisfactory  operation  urder  takeoff  and  approach  conditions. 


Refinement  of  the  computer  simulation  of  the  engine/inlet  system  will 
continue  and  engine  and  rig  test  data  will  be  used  to  ensure  the  validity 
of  the  simulation.  This  wil  be  closely  coordinated  effort  by  both  the 
engine  and  the  airframe  manufacturer.  As  new  inlet  model  test  data  are 
obtained,  the  inlet  simulation  will  be  revised  to  include  significant 
changes  in  dynamics  or  concept.  Engine  and  control  test  program  data  will 
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be  used  to  check  the  validity  of  the  engine  simulation  gains  and  time  con¬ 
stant.  The  computer  simulation  can  then  be  used  concurrently  during  the 
test  programs  to  ensure  that  desired  stability  and  performance  requirements 
are  met.  This  will  begin  a  continuing  cycle  of  test,  refinement  of  simula¬ 
tion,  analytical  studies  and  further  tests.  The  program  will  evaluate 
phenomena  such  as  the  effect  of  variable  gains,  deadband,  random  noise, 
interaction  between  the  control,  engine,  and  inlet;  and  interaction  between 
control  components  for  the  effects  on  the  overall  system.  These  simula¬ 
tions  will  also  be  expanded  to  reflect  efforts  of  distortion  and  certain 
failure  modes. 

The  simulated  subsonic  diffuser  portion  of  the  inlet  duct,  the  boundary 
layer  bleed  system,  the  bypass  system  and  their  associated  controls  will  be 
used  to  demonstrate  dynamic  compatibility  with  the  engine  during  simulated 
high  Mach  number  operation.  These  tests  will  also  provide  a  performance 
check  on  any  diffuser  modifications  that  may  have  resulted  from  earlier 
rig  tests. 

The  complete  propulsion  package  compatibility  demonstration  is  scheduled 
to  be  performed  in  the  A£DC  wind  tunnel  facility  at  Tullahoma,  Tennessee. 

The  details  of  this  program  have  been  negotiated  and  will  continue  to  be 
coordinated  between  Pratt  &  Whitney  Aircraft  and  the  airframe  manufacturer. 
The  thorough  test  evaluation  which  precedes  the  AEDC  program  will  minimise 
any  problems  which  might  be  associated  with  the  inlet  diffuser,  the  engine, 
or  their  control  systems.  This  early  development  work  will  materially  reduce 
the  cost  of  the  AEDC  tests  and  minimize  the  time  required  to  provide  a  com¬ 
patible  propulsion  package  for  flight  test. 

The  major  milestones,  network  chart  and  event  dictionary  for  inlet 
system  compatibility  are  shown  in  figures  IS  and  16,  respectively. 

Test  planning  and  integration  of  inlet  system  compatibility  is  pre¬ 
sented  in  Test,  Volume  IV,  Report  E. 
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1,09  NOISE 

~he  JTF17  engine  noise  suppression  program  will  be  directed  toward 
(1)  the  attenuation  of  fan  noise  and  (2)  the  attenuation  of  exhaust  gas 
noise.  The  first  will  pursue  methods  of  fan  noise  attenuation  including 
fan  spacing  and  application  of  acoustical  liners  to  the  diffuser  section 
of  the  fan  duct.  The  second  will  be  concerned  with  methods  of  exhaust  gas 
noise  attenuation  and  include  analyses  of  the  effects  of  engine  nozzle 
geometry  and  reverser-suppressor  geometry  as  well  as  exhaust  noise  sup¬ 
pressors  similar  to  those  in  current  commercial  use. 

Analyses  of  fan  noise  generation  which  have  been  completed  by  P&WA 
indicate  that  the  strength  of  the  audible  noise  is  proportional  to  the 
pressure  iji^fergntial  across  the  blades  and  vanes.  Reduced  pressure  dif¬ 
ferentials  can  be  obtained  by  such  methods  and  slotted  blades  and  high-lift 
devices  which  provide  no  reduction  in  the  total  force  acting  on  the  air¬ 
foil.  Narrow  band  frequency  analyses  of  resultant  effects  upon  noise  will 
be  conducted.  Configurations  found  to  be  of  significant  value  in  rig  tests 
will  be  evaluated  further  during  full-scale  engine  tests. 

The  evaluation  of  fan  noise  modifications  will  begin  early  in  Phase  III 
with  an  investigation  of  vane  angle  effects  in  the  0.6-scale  rig.  This  work 
will  be  performed  concurrently  with  other  investigations  on  the  same  rig 
into  the  effects  of  blade  loading  and  the  generation  of  combination  tone 
noise.  The  full-scale  compressor  rig  will  be  used  to  determine  optimum 
rotor/stator  spacing  and  vane  numbers.  An  evaluation  of  the  factors  which 
have  been  found  to  have  an  important  effect  on  the  generator  of  combina¬ 
tion  tones  will  also  be  conducted  in  the  full-scale  rig. 

An  evaluation  of  acoustical  liners  will  begin  with  impedance  tube  tests 
early  in  Phase  III.  Both  resonant  and  nonresonant  liners  will  be  tested 
for  application  in  the  diffuser  section  of  the  fan  duct  to  absorb  noise. 

The  results  of  these  tests  will  be  used  to  select  a  liner  with  optimum 
absorption  in  the  required  frequency  ranges.  The  impedance  tube  tests 
will  be  conducted  under  flow  conditions  similar  to  those  which  exist  in 
the  engine  fan  duct.  The  results  of  tests  of  this  type  completed  during 
Phase  II-C  will  allow  an  early  evaluation  of  liners  in  a  JTF17  engine. 

Fan  design  modifications  resulting  from  rig  tests  as  well  as  final  develop¬ 
ment  of  acoustical  liners  will  be  conducted  on  a  development  engine. 

Installed  acoustical  liner  tests  will  be  conducted  to: 

1.  Verify  the  results  of  the  liner  selection  program 

2.  Determine  optimum  liner  locations 

3.  Measure  fan  noise  transmitted  through  the  fan  duct  with 
the  liners  installed. 

Since  analytical  methods  for  the  evaluation  of  exhaust  system  geometry 
changes  on  exhaust  gas  noise  do  not  exist,  all  development  work  of  exhaust 
noise  suppression  devices  requires  the  use  of  model  or  full-scale  tests. 

An  analysis  of  the  effects  of  nozzle  and  ejector  geometry  upon  exhaust  gas 
noise  will  be  conducted  on  a  component  model  test  stand.  Tests  of  exhaust 
noise  suppression  devices  will  be  started  on  this  facility  at  the  same 
time.  All  model  test  sound  recordings  will  be  subjected  to  1/3  octave 
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band  filter  analysis  and  compared  to  base  tests  of  models  without  suppres 
sion  devices.  Boilerplate  versions  of  the  best  configurations  from  the 
model  tests  will  then  be  tested  on  a  JTF17  engine. 

In  addition  to  providing  a  final  evaluation  of  selected  suppressor 
devices,  engine  tests  will  be  conducted  on  the  noise  test  stand  (A- 9)  to 
measure  accurately  engine  noise  levels  and  evaluate  available  operational 
techniques.  Operational  techniques  to  be  evaluated  include: 

1.  The  reflection  of  fan  noise  upstream  during  operation  of  the 
duct  heater  at  low  engine  power  settings 

2.  Improved  matching  of  the  noise  produced  by  the  primary  and 
duct  exhaust  gases. 

Salient  features  of  the  noise  test  stand  are: 

1.  Engine  centerline  height  greater  than  two  nozzle  diameters 
above  the  ground 

2.  Clear  and  level  ground  extending  for  a  distance  of  500  feet 
from  the  engine 

3.  On-site  facilities  for  meteorological  measurements 

4.  Thrust  and  engine  parameter  recording  capability 

5.  Permanently  located  microphone  positions 

6.  Low  background  noise  levels. 

The  major  milestones,  network  chart  and  event  dictionary  for  the 
noise  program  are  shown  in  figures  17  and  18,  respectively. 

detailed  description  of  the  noise  program  is  presented  in  Noise  and 
Suppression,  Volume  III,  Report  C,  and  test  integration  of  the  noise  pro¬ 
gram  activity  is  presented  in  Test,  Volume  IV,  Report  E. 
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1.10  GROWTH  POTENTIAL 

The  growth  of  the  JTF17  engine  after  introduction  to  commercial  service 
is  directed  toward  the  following  improvements: 

Improved  Performance 

Increased  takeoff  and  transonic  thrust 
Reduced  Mach  2.7  cruise  TSFC 
Reduced  noise 

Increased  operating  envelope,  particularly  to  Mach  3  or  above 
Increased  Parts  Life  and  TBO  extension 
Reduced  Specific  Weight 

During  Phase  III  the  JTF17  development  effort  for  growth  will  be 
directed  toward  the  above  objectives  in  four  major  areas: 

1.  Engine-airframe  mission  analysis  in  cooperation  with  the 
airframe  contractor  to  direct  efforts  toward  areas  of 
greatest  gain  for  engine  growth  in  terms  of  airplane 
economic  direct  operating  cost  (DOC)  and  return  on  invest¬ 
ment  (ROI)  and  reduced  noise. 

2.  Design  studies  of  engine  modifications  incorporating  advanced 
component  performance  or  features  which  would  improve  the 
JTF17  engine  in  the  growth  items  listed  above. 

3.  Continued  research  and  advanced  development  of  components 

for  improved  performance  and  noise  generation  and  suppression 
knowledge. 

4.  Continued  research  and  advanced  development  in  materials 
seeking  to  (a)  improve  quality  and  properties  of  existing 
materials,  (b)  develop  higher  strength-weight  alloys  for 
disks  and  cases,  particularly  titanium  and  nickel  base 
alloys,  (c)  develop  coatings  for  titanium  and  turbine  blades 
and  vanes  to  inhibit  stress-corrosion,  oxidation-erosion,  and 
sul fidation. 

The  major  milestones,  network  chart  and  event  dictionary  for  growth 
potential  are  shown  in  figures  19  and  20,  respectively. 

A  detailed  description  of  growth  potential  is  presented  in  Growth, 

Volume  III,  Report  G. 
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1.11  FAN  AND  COMPRESSOR 

The  0.6-scale  fan  rig,  used  throughout  the  Phase  II-C  program,  will 
be  rebuilt  to  the  prototype  configuration  at  the  initiation  of  the  Phase  III 
development.  Initial  testing  will  define  the  as-designed  fan  performance 
of  the  JTF17  prototype  engine  and  provide  the  data  from  which  fan  develop¬ 
ment  will  begin.  A  second  0.6-scale  fan  rig  will  be  added  to  the  program 
to  provide  the  added  test  effort  required  for  an  early  start  on  inlet 
compatibility  testing  and  noise  suppression  studies.  The  details  of  com¬ 
pressor  development  aimed  primarily  at  noise  attenuation  and  inlet  com- 
patibilitiy  are  described  in  Noise  and  Suppression,  Volume  III,  Report  C, 
and  Inlet  System  Compatibility,  Volume  III,  Report  D,  Section  II. 

The  scaled  rig  testing  will  be  replaced  by  full-scale  fan  testing 
when  test  facilities  become  available  in  Phase  III.  The  program  will 
build  up  to  three  of  the  full-scale  rigs  which  utilize  engine  hardware. 

Throughout  Phase  III  the  fan  rig  testing  will  be  utilized  to  evaluate 
performance  and  determine  the  necessary  aerodynamic  changes  to  the  blades 
and  stator  vanes  for  performance  improvement,  and  inlet  compatibility 
or  noise  attenuation  as  the  overall  engine  development  program  may  require. 
Frequent  tests  incorporating  strain  gage  instrumentation  will  reveal  any 
resonant  or  aerodynamic  vibration  problems  associated  with  the  fan  so  that 
correction  can  be  made  before  they  develop  into  engine  problems.  The  fan 
program  will  include  fan  rig  tests  at  heated  inlet  conditions  to  ensure 
that  the  fan  is  free  of  aeroelastic  stress  or  mechanical  vibration  problems 
under  all  operating  conditions. 

The  high  compressor  program  will  utilize  three  full-scale  compressor 
test  rigs  which  duplicate  the  aerodynamic  and  structural  configurations 
of  the  engine  compressor.  As  with  the  fan  the  first  testing  accomplished 
early  in  Phase  III  will  define  the  performance  of  the  prototype  high 
compressor  and  provide  the  data  from  which  the  high  compressor  development 
can  begin.  Continuing  from  Phase  II-C,  the  high  compressor  rig  program 
will  evaluate  and  develop  overall  compressor  performance  as  necessary  to 
meet  engine  goals.  All  stages  of  the  compressor  will  be  strain  gaged 
to  monitor  and  record  any  significant  vibration  stresses  attributable  to 
natural  resonance  of  the  parts,  or  aerodynamic  excitation.  This  testing 
will  include  heated  inlet  running  to  determine  the  effects  of  high  Mach 
number  operation  on  performance  and  stress. 

To  provide  the  extended  low  cycle  disk  life  necessary  for  the  super¬ 
sonic  transport,  the  design  of  the  high  compressor  incorporates  features 
to  reduce  disk  thermal  stresses  during  transient  operations  to  and  from 
high  Mach  number  operation.  The  high  compressor  rig  will  be  assembled 
with  disk  temperature  instrumentation  to  evaluate  the  effectiveness  of  the 
disk  cooling  scheme. 

Compressor  and  fan  rig  testing  cannot  be  considered  as  meaningful  as 
engine  endurance  testing  to  develop  the  durability  of  the  compressor. 

However,  the  repeated  surges  and  off-design  operation  of  these  rigs  is 
in  some  respect  more  severe  than  engine  endurance  and  will  provide 
excellent  substantiation  of  blade  shroud  designs  as  well  as  general 
airfoil  and  disk  designs. 
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The  compressor  rig  and  engine  test  program  will  be  supplemented  by 
an  extensive  materials  evaluation  and  development  program.  The  details  of 
this  program,  which  will  include  high  and  low  cycle  fatigue,  stress 
rupture  and  extended  creep  testing  of  compressor  materials,  are  contained 
in  Manufacturing  Techniques  and  Materials,  Volume  III,  Report  F.  The  fan 
and  high  compressor  sections  of  the  JTF17  engine  are  designed  to  provide 
blade  containment  so  that  a  possible  blade  failure  will  be  contained  to 
prevent  external  damage.  Because  compressor  rig  testing  and  early  oper¬ 
ation  of  the  prototype  engines  will  undoubtedly  result  in  off-design 
operation,  the  probability  of  a  fan  or  compressor  blade  failure  will  be 
high.  Any  such  failure  will  of  course  be  fully  analyzed  for  the  cause 
of  failure;  in  addition,  the  compressor  case  containment  will  be  evaluated 
and  the  design  revised  if  necessary.  A  lst-stage  fan  blade  will  be  inten¬ 
tionally  failed  in  a  spin  pit  test  to  verify  the  containment  of  the  fan 
section  since  this  represents  the  most  severe  containment  requirement  of 
the  engine. 

The  major  milestones,  network  chart  and  event  dictionary  for  the  fan 
and  compressor  are  shown  in  figures  21  and  22,  respectively. 

A  detailed  description  of  fan  and  compressor  development  is  presented 
in  the  Test  and  Certification  Plan,  Volume  III,  Report  E,  and  test  planning 
and  integration  is  presented  in  Test,  Volume  IV,  Report  E. 
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1.12  PRIMARY  COMBUST'  R 

Development  of  the  primary  combustor  is  assisted  by  early  testing  of 
full-scale  component  rigs  for  rapid  evaluation  of  configuration  changes 
and  design  developments  to  supplement  the  engine  test  program.  This 
results  in  a  "weeding"  process  whereby  only  con f igurat ions  with  the 
greatest  potential  are  incorporated  into  the  engine  system  for  continued 
testing. 

An  additional  full-scale  120-degree  segment  rig  will  be  fabricated 
during  Phase  III  and  a  30-degree  segment  rig  will  be  transferred  from  a 
related  program  to  supplement  the  rigs  available  from  Phase  II-C. 

The  component  test  rigs  for  this  program  include  a  full-scale  annular 
combustor,  a  30-degree  segment  combustor,  two  full-scale  120-degrce  segment 
combustors,  and  a  two-dimensional  water  table.  In  addition,  primary  com¬ 
bustor  data  will  also  be  obtained  from  the  combined  turbine  primary  com¬ 
bustor  development  program  in  the  full-scale  high  spool  turbine  rig. 
Supplementarv  testing  for  fuel  nozzle  development  and  manifold  flow 
distribution  will  also  be  accomplished  to  support  the  combustor  program. 

The  fuel  nozzles  will  be  tested  on  a  flow  calibration  bench  prior  to  their 
use  in  the  combustor.  Manifold  flow  distribution  tests  will  be  conducted 
on  a  flow  calibration  bench  to  evaluate  configurations  for  engine  test. 

The  full-scale  annular  primary  combustor  rig  consists  of  a  JT4  engine 
with  the  primary  combustor  section  adapted  to  incorporate  the  diffuser  and 
the  inner  and  outer  primary  wall  contou.s  of  the  JTF17  engine.  The  rig 
will  be  used  to  evaluate  configurations  which  have  al readv  indicated  high 
performance  potential  in  the  30-degree  and  120-degree  segment  rigs.  The 
full-scale  annular  rig  sea  level  test  program  will  be  directed  toward  the 
to 1  lowing: 

1.  Development  of  satisfactory  discharge  temperature  patterns 

2.  Development  to  achieve  the  required  combustion  efficiency 
through  the  engine  range  of  temperature  rise  conditions 

3.  Development  of  satisfactory  ignition  characteristics 

4.  Durabilitv  development  at  pressure  levels  ecual  to  SLTO 

J.  ^valuation  of  discharge  temperature  promt  c.  icy 

and  durability  to  design  modifications. 

The  annular  primary  combustor  testing  for  the  FTS  and  certification 
engine  configurations  will  be  accomplished  on  JTF17  engine  test  programs 
with  support  from  the  segment  rigs  for  rapid  evaluation  of  configuration 
changes .  Sea  level  durability,  altitude  performance,  and  altitude 
ignition  characteristics  will  be  a  part  of  the  primary  combustor  develop¬ 
ment  program  on  the  prototype  engine. 
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The  30-degrcc  segment  and  both  of  the  1 20-desgree  segment  rigs  will 
be  subjected  to  tests  to  evaluate  the  following:  v* 

1.  Combustor  discharge  temperature  profile  in  the  intermediate 
pressure  range  of  engine  operation 

2.  Combustor  front  end  fuel/air  ratio  etfccts 

3.  Environmental  temperature  effects  on  fuel  nozzle  performance 

4.  Development  of  the  ignition  source  location  and  evaluation 
of  ignition  schemes  with  respect  to  re! ’"lit  capability 

5.  Combustor  liner  wall  temperature  measurement  to  assist 
in  development  of  combustor  durability 

6.  Ignition  and  durability  characteristics  over  the  altitude 
operating  range. 

Fuel  nozzle  bench  testing  for  the  primary  combustor  will  encompass 
the  evaluation  of  spray  pattern,  spray  angle,  and  flow  calibrations 
involving  the  determination  of  hysteresis  characteristics  and  repeat- 
abil i ty . 

The  major  milestones,  network  chart  and  ev  nt  dictionary  for  the 
primary  combustor  arc  shown  in  figures  23  and  24,  respectively. 

* 

•> 

A  detailed  description  of  the  primary  combustor  development  is  pre¬ 
sented  in  the  Test  and  Certification  Plan,  Volume  III,  Report  E,  and 
test  planning  and  integration  is  presented  in  Test,  Volume  IV,  Report  E. 
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1.13  TURBINE 

The  JTF17  turbine  design  is  predicated  upon  continuous  operation  at  high 
turbine  inlet  temperatures  at  cruise,  and  is  an  outgrowth  of  the  aircooled 
turbine  developed  for  the  high  Mach  number  J58  engine.  The  necessity  for 
turbine  cooling  in  the  Supersonic  Transport  engine  requires  extensive  testing 
of  airfoil  cooling  schemes  and  their  effects  on  turbine  performance.  In 
addition,  the  requirements  for  durability,  equivalent  to  current  commercial 
aircraft  engines  operating  at  lower  turbine  inlet  temperatures,  indicate 
that  extensive  testing  be  done  to  evaluate  thermal  fatigue  and  endurance 
capabilities  of  the  airfoils. 

Resistance  to  thermal  fatigue  is  an  important  consideration  in  the 
design  and  development  of  the  JTF17  turbine.  Extensive  testing  was  con¬ 
ducted  during  Phase  II-C  to  evaluate  convective  cooled  and  film  cooled 
airfoil  schemes  for  their  resistance  to  thermal  fatigue.  Cyclic  endurance 
programs  conducted  in  the  JT4  turbine  development  engine  (High  Spool  Rig) 
indicated  that  airfoils  with  interruptions  in  the  stressed  walls  near  the 
leading  edge,  such  as  holes  and  slots,  had  virtually  no  resistance  to 
thermal  fatigue.  Convectively  cooled  airfoils  tested  in  the  cyclic 
endurance  indicated  that  mass  distribution  of  the  metal  across  the  chord 
and  internal  cooling  geometry  in  the  airfoil  were  sensitive  parameters 
in  achieving  the  required  thermal  fatigue  capability. 

In  continuation  of  the  work  done  in  Phase  II-C,  the  refined  airfoil 
designs  in  the  JTF17  will  be  evaluated  for  their  resistance  to  thermal 
fatigue  in  the  JTF17  high  spool  rig.  Testing  will  be  accomplished  by 
subjecting  the  parts  to  alternate  periods  at  maximum  turbine  inlet  tem¬ 
perature  and  minimum  turbine  inlet  temperature  to  expose  the  parts  to 
the  most  severe  thermal  fatigue  environment  anticipated.  The  lst-stage 
turbine  disk  will  also  be  evaluated  for  thermal  gradients  in  the  above 
mentioned  testing  program.  Another  objective  which  will  be  accomplished 
on  the  full-size  high-spool  rig  is  the  verification  of  predicted  metal 
temperatures  of  the  various  parts  at  engine  operating  conditions.  Still 
another  objective  of  these  rig  tests  will  be  the  verification  of  design 
criteria  by  measuring  the  vibratory  and  stress  parameters  on  blades, 
vanes,  disks,  and  hubs. 

The  aerodynamic  performance  of  airfoils  utilizing  cooling  airflow 
in  the  quantities  required  for  cruise  operation  can  adversely  affect 
overall  turbine  efficiency.  Cooling  airflow  injection  into  the  main¬ 
stream  flow  has  been  studied  in  Phase  II-C  testing  and  optimized 
injection  geometry  has  been  established  for  the  JTF17  airfoils.  Con¬ 
tinued  studies  of  airfoil  cooling  air  injection  geometry,  effects  of 
platform  leakage,  and  trailing  edge  discharge  characteristics  will  be  con¬ 
ducted  in  aerodynamic  cascade  rigs. 

Cooling  air  injection  evaluations  will  be  run  to  optimize  the  method 
of  admitting  and  exhausting  blade  and  vane  cooling  air.  This  will  include 
an  evaluation  of  the  effectiveness  of  leading  edge,  pressure  side,  suction 
side,  trailing  edge,  and  spanwise  length  discharge  configurations.  Laminar 
flow  characteristics  will  also  be  determined  with  respect  to  thermodynamic 
advantages,  surface  condition,  air  exit  location  and  configuration  required 
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to  maintain  laminar  flow.  The  convective  cooling  program  will  include 
evaluations  of  multichamber,  multipass  airfoils,  and  fabricated  airfoils 
such  as  wafers  and  thermal  skin. 

Cascade  programs  will  also  be  conducted  on  vanes  and  blades  to 
investigate  heat  transfer,  and  cyclic  fatigue  life.  These  programs  will 
be  used  as  screening  tests  to  aid  in  the  selection  of  configurations 
for  testing  in  the  full-scale  rigs. 

Testing  will  be  accomplished  on  the  thermodynamic  cascade  rigs  through 
Phase  III  to  investigate  the  thermodynamic  characteristics  of  high  efficiency 
convective  cooling  schemes.  These  rigs  simulate  the  necessary  entrance 
and  exit  conditions  to  test  single  blades  or  vanes  under  engine  environ¬ 
mental  conditions. 

In  addition,  testing  will  be  accumulated  during  the  early  part  of 
Phase  III  on  a  thermal  shock  rig.  Various  airfoil  configurations  based 
on  information  from  thermodynamic  and  aerodynamic  cascade  rig  data  will 
be  tested  to  determine  (1)  transient  thermal  stresses  introduced  by 
various  cooling  schemes,  and  (2)  cyclic  thermal  fatigue  life  of  airfoils 
under  consideration  for  JTF17  engine  use. 

The  major  milestones,  network  chart  and  event  dictionary  for  the 
turbine  are  shown  in  figures  25  and  26,  respectively. 

A  detailed  description  of  the  turbine  development  is  presented  in 
the  Test  and  Certification  Plan,  Volume  III,  Report  E,  and  test  planning 
and  integration  is  presented  in  Test,  Volume  IV,  Report  E. 
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Event  Sfcisbtr 


D*»i  riptl>n  Arui  Criteria 
swat  PHAi*  III 

Start  ffcase  111  Tu.btne  Development  ftoftn, 

Wu*t  III  go-ahta 1. 

counsel  uanuray  erosion  aw  corrosion  tests 

Continue  Phase  II-C  laboratory  erosion  and  cor¬ 
rosion  testing  of  candidate  materials  and  coatings 
for  JTF17  engirt*.  Laboratory  (till  In  progress. 

Cam  WE  IHASR  II-C  MATERIALS  TESTING 
Continue  Rvik  II-C  nUrlili  testing  of  long 
tom  creep  and  stress  rupture  properties  to  re¬ 
fine  design  curves .  Laboratory  tests  In  progress. 

START  DISK  LCP  Tt STS 

Start  LCf  testing  of  turbine  disks  In  Terris  Wheel" 
ICT  rig  to  verify  design  life.  Tests  In  Terris 
Wheel"  tig  in  progress. 

CCMfLttC  DESIGN  OP  HEAT  TRANSFER  R1C 
Coaplete  design  modifications  to  existing  hast 
transfer  rigs  to  accoasaodete  JTT17  elrfolia. 

Ec1  ^ase  drawings  to  Englnaarlng. 

START  lWHCBlMNC  TESTS  OF  1ST  STAGE  RUMS 
Start  bant  transfer  tests  of  1st  stage  blades  to 
determine  natal  ic-eperature,  cooling  effectiveness 
and  temperature  prof  ilea.  C-U  atand  available. 

Teat  of  I at  blade  In  progress. 

COMPUTE  1ST  StAflE  1LADE  TESTS 

Ccwplete  heat  transfer  teat  of  1st  stage  blade 

in  heat  transfer  rig.  Reemve  rig  fro*  stand. 

START  1ST  STAGE  VANS  TESTS 
Start  heat  transfer  testing  of  lat  stage  v«ne 
airfoils  to  determine  aetal  temperatures,  cooling 
effect I venose,  and  teaperaturo  profile*.  C-IA 
stand  available.  Testa  of  1st  vanes  In  progress 

CONfUTE  1ST  STAGE  VANE  TI;tt 

Compute  heat  transfer  teat  of  1st  stage  vanes 

In  heat  transfer  rig.  Remeve  rig  Iron  stand. 


Event  AaMr 
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Description  and  Criteria 

START  2ND  STAGE  RUHR  TESTS 
Start  heat  transfer  tects  of  2nd  stage  blades 
to  determine  aetal  temperatures,  cooling 
effectiveness  and  temperature  profile.  C-IA 
stand  available.  Teats  on  2nd  blades  In  progress. 

caotra  vm  stage  rladc  tests 

Complete  heet  transfer  test  of  2nd  stage  blade 
in  beat  transfer  rig.  Remow  rig  from  sUnd. 

START  nm  STAGS  VANE  TESfS 
Start  heat  transfer  testing  of  2nd  stage  wanes 
to  deteralM  aetal  temperature,  opting 
nffeettveftess,  and  teaperature  profiles.  C-IA 
stand  available.  Teste  on  2nd  vanes  in  progress. 

CONFUTE  2ND  STAGE  RANK  TESTS 

Coaplete  heat  transfer  test  of  2nd  stag*  vines 

In  heat  transfer  rig.  Remove  rig  froa  stand. 

STnRT  ALTERNATIVE  CONFIGURATION  TESTS 
Start  beat  transfer  teats  of  alternative  con¬ 
figurations  selected  es  candidates  for  the  JTF17 
engines.  Teste  of  alternative  airfoils  in  progress 

START  CONFIGURATION  BEF1WHT  TESTS 
Start  heat  transfer  tests  of  oodlfled  airfoil 
configuration  with  predicted  laprovvaents  In 
cooling  effectiveness,  and  teaperature  profiles. 
Testing  of  codified  configurations  in  progress'. 

CONTINUE  CONFIGURATION  ttFlMMNT 
Continue  testing  of  aodlfted  configurations  with 
predicted  laprovvaents  In  cooling  sf fectiveneaa, 
and  teaperature  profiles.  Continue  testing  of 
aodlfted  configurations. 

COtnilt  DESIGN  (V  R1GE  SPOOL  E1C  ADATOEI 
Coaplete  the  design  of  Inlet  end  exhaust  adaptvts 
for  the  high  spool  rig,  Eeleass  drawings  to 
Engineering. 

START  CHECKOUT  TUTS  OF  NICE  SPOOL  RIG 
Stave  Initial  east  of  high  spool  rig  to  establish 
operational  characteristics  and  control  requite- 
■cell  for  cyclic  tasting.  Initial  teat  of  high 
spool  rig. 


Event  Nuaier 


woaaa  mc  pahs 


7 


cann 

nsv  ^ 

SIAKT 

mnaRNa 

COfTODE 

TESTS  ^ 

START  COOL  IRC 

AIR  INJECTION 

catnm 

TESTS 

urn  noun 

corns 

TESTS 

unerwri 

TESTS 

TESTS- 

□ana 

□□■a 

U  I  S  |  HI 

tic  Wins, 


ptocwt  Pars 


IVCKT  DICTIONARY 
1.13  TURBINE 


Event  Humhtr 


De»crtrtl°n  and  Criteria 


STAR  MAT  HAWra  It  STS  CP  AIRFOILS 
Start  heat  transfer  testa  of  airfoils  to  deccnilne 
thermal  gradients  during  engine  accelerations  and 
decelerations  and  to  determine  etui  temperature 
of  Urfolli  at  simulated  cruise  conditions. 

Hast  transfer  tests  of  airfoils  In  progress. 

ClWrVITT  tiEAT  nANSra  TESTS 

Complete  heat  traaefer  tests  of  airfoils  in  the 

high  spool  tig.  Remow  rig  from  scend. 

START  STCCIUIAL  TESTS  ''  -  ' 

Start  test?  ofhjgh  spool  rtg  to  determine  dish 
and  blade  stress  levels  and  vipratory  character-* 
istics.  Structural  tests  in  progress. 

cow  run  structural  tests 

Complete  structural  tests  of  blades  and  disks 
in  high  spool  rig.  Remove  rig  from  stand. 

star  cv cue  esdueance  op  aiitoils 

Start  cyclic  endurance  testing  In  high  spool  rig 
to  determine  thermal  fatigue  resistance  of  hot 
section  parts  including  1st  stags  b !$)*»' end  vanes. 
Indurance  test  in  progress 

CONFUTE  CYCLIC  AIRFOIL  ENDURANCE 

Complete  thermal  fatigue  tuts  of  hot  sectW& 

parts  In  high  spool  rig.  Remove  rig  from  stand. 

START  COOLING  AU  CIRCUIT  IVALUATICN 
Start  high  spool  tests  to  determine  performance 
of  cooling  air  sysftn  and  adequacy  of  supply. 
Cooling  circuit  tests  in  prof rets. 

CCK PUIS  COOLING  AIR  CIRCUIT  EVALUATION 
Complete  performance  testa  of  cooling  air  circuit 
u^lh*  high  spool  rig.  Remove  rtg  from  stand. 

START  AIRPOll  SHADY- STATU  BOCRANCR 
Statt  airfoil  long  term  steady -at ate  anduranca 
tasting  in  high  spool  rig  to  datermina  erosion/ 
corrosion  resistanc^f  airfoils.  fc>  'ranee  test 
in  jTpgress. 


Sve  .t  Ru&ber 


Description  tnd  C/IterU 

COMPLETE  STEADY* STATE  AIM-OIL  ENDURANCE 
Complete  *  res:  on  r'ccrrosl  on  testa  of  airfoils 
tinder  long  tern  endurance  conditions.  Remove 
rig  from  stand. 

CONTINUE  CYCLIC  ENDURANCE  VALUATION 
Continue  thermal  fatigue  testing  of  alternative 
airfoil*  to  develop  improved  resietanvi~_l^ 
thermal  fatigue.  Cytl !»-•  testing  in  progress. 

CONTINUE  CONFIGURATION  REFINRICNT 
Continue  high  spool  rig  tests  to  develop  refine* 
ments  In  slrf.  .1  (.oui.gweal  ».>nt  foi  *apr.-ved 
erosion /corrosion  snd  thermal  fatigue  resistance. 
Start  high  spool  testing  of  modified  configurations. 

CONTI  NIT  AIRFOIL  STEADY • STAIR  ENDURANCE 
Continue  eroal on/corrosion  testing  of  airfoils 
under  long  term  endurance  condit  ions-  in  t'«* 
high  spool  rig.  Endurance  tests  in  progress, 

stud  rrs  confkoratiok 

Select  aiifoll  configurations  and  materisl /coating 
systems  for  Int.-r  port  lion  into  engine  parts  list 
ior  FTS  test.  Relosss  drawings  to  engine  parts 
list. 

CCMFlStE  DESIGN  Of  TWIDttl  FFTIGUR  RIC 
Complete  design  modifications  to  enisling  thermal 
fatigue  rig  to  accommodate  JTT17  airfoils  for 
thermal  fatigue  evaluations.  Release  drawing! . 

START  LCF  TESTING  ON  BASIC  AIRFOILS 

Start  LCF  tests  on  basic  alrfulls  to  checkout  rig 

operation  and  results  of  various  time  cycles.  Rig 

tests  in  progress. 

START  LCF  TESTS  W  JTFIJ  1ST  RUMS 

Start  Uf  testa  of  JTFU  1st  blade  configuration 

to  verity  predicted  dealpi  life.  Cycle  trying  in 

progress. 

START  LCF  TESTS  OT  J1F1 7  1ST  VAHIS 
vtidrs  LCF  tteta  of  JTF17  lar  van*  configuration  to 
verify  predicted  design  Ufa.  Cycle  testing  in 

progress. 


Event  Number 
37 


const  RXC  Kill 


OONlUUt  PROCURE 


Description  a 

START  LCF  TESTS  OF  ALTE 
Start  LCF  u-ts  of  site 
figurations  with  predt 
fatigue  capability.  Cy 

START  CONFIGURATION  REF 
Start  LCF  tests  on  modi 
wltu  predicted  improve* 
and  thermal  fatigue  \0 
progress,  ^ 

COMFUn  MSIGN  OF  AER0| 
Complete  design  of  1st 
existing  annular  rig  an] 
rig  for  comparative  evaj 

start  tests  of  Ai»nma( 
Start  tests  of  modified 
performance  evaluation 

START  BASIC  AIRFOIL  ITsI 
Start  performance  test 
establish  base  lint  perf 
ability.  Rig  test  in  p 

CONFUTE  AERODYNAMIC  RI« 
Complete  tasting  requir 
characteristics  of  rigs 
of  airfoils.  Remove 

START  AERODYNAMIC  Tins 
Start  aerodynamic  teats 
design  performance  pre 
In  progress. 

START  VANE  PERFORMANCE 
Start  aerodynamic  perfo^ 
van*  configurations  to 
improvement.  Aerodynam 

•TART  COOLING  AIR  HUIC| 
Start  aerodynamic  perf< 
methods  at  injavtlng  o 
main  stream  for  minimum 
test  in  progress. 


d 
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Deter lptton  and  Criteria  Event  Number  Description  and  Crlter't 


START  LCP  TESTS  OF  ALTERNATIVE  CONFIGURATIONS  46 

Star?  LCF  tests  of  alternative  airfoil  con- 
figurat  ion«  with  predicted  Improvement*  In  thermal 
fatigue  capability.  Cycle  testing  in  progress. 

START  CONFIGURATION  REFINEMENT  47 

Start  LCF  teat*  on  modl^ed  airfoil  configurations 

with  predicted  improvement*  In  cooling  ef fectlveneaa 

and  thermal  fatigue  resistance.  Cycle  testing  in 

progress. 

49 

COMPUTE  DESIGN  OF  AERODYNAMIC  CASCADE  RIG 
Complete  design  of  1st  stage  ttst  section  .for 
existing  annular  rig  and  design  of  plan*  cascade 
rig  for  comparative  evaluations.  Release  drawings. 

START  TESTS  OF  AERODYNAMIC  RIGS  49 

Start  teats  of  modified  annular  rig  for  airfoil 
performance  evaluation,  Rig  teat  In  progress. 

START  BASIC  AIRFOIL  TESTS  SO 

Start  performance  testing  of  basic  airfoils  to 
establish  baseline  performance  for  rig  and  repeat* 
ability.  Rig  teat  In  progress. 

CONFUTE  AERODYNAMIC  RIG  CHECKOUT  SI 

Complete  testing  required  t«  establish  operating 
character! it  Us  of  rig*  and  baseline  performance 
of  airfoils.  Remove  rig  from  stand. 

START  AERODYNAMIC  TESTS  OF  JTF17  1ST  STAGE  AIRFOILS  52 

Start  aerodynamic  tests  of  JTTl?  airfoil*  to  verify 
design  performance  predirt  Ions.  Aerodynamic  teat 
in  progress. 

START  VANE  ilRFCRHANCK  IMPROVEMENT  WITS 

Stan  aerodynamic  performance  toils  of  various  JJ 

van*  configuration*  to  determine  performance 
improvement.  Aerodynamic  teat  in  progreai. 

START  COOLING  AIR  IN  TUT* 

Stan  aerodynamic  performance  testa  to  evaluate 
methods  of  inject ing  ceoling  air  into  the  turbine 
aain  at  ream  tor  minimum  loti  effects.  Aerodynamic 
test  in  progress. 


START  RE CAMBER  AIRFOIL  TESTS 
Start  aerodynamic  teats  to  determine  performance 
improvements  with  re cambered  airfoil*  Aerodynamic 
teat  In  progress. 

START  SOLIDITY  TESTS 

Start  aerodynamic  tests  to  determine  performance 
improvement  with  reduced  solidity  airfoil  arrange* 
manta.  Aerodynamic  test  In  progress. 

CONTINUE  AERODYNAMIC  REFINEMENT  TESTS 
Continue  aerodynamic  tests  of  airioils  with 
cooling  effectiveness  and  LCF  refinements 
for  Improved  performance  end  durability. 
Aerodynamic  test  in  progress. 

«QIW  FT! 

Reference  engine  network  1.06  for  description 
and  criteria. 

CONFUTE  SUSTAINING  ENCXtCIRING  FOR  100  HWR 
FLIGHT  TEST 

End  of  Phase  III.  Completion  of  100  hours  of 
flight  tasting. 

CONTINUE  TV  REINS  DEVELOVMNT 
Continue  turbine  development  testing  for  per* 
formenee  and  durability  Improvements.  Rig 
testing  in  progress. 

1  ,  .  SELECT  CERTXFl CATION  COWICURATU* 

\  Select  airfoil  destine  for  certification  engine 
cj :  :\,tth  prescribed  performance  end  durability  cape* 
f  .  '  "  *C RsUtlaa.  Release  airfoil  designs  to  engine  parti 

T  -•  U  •  -y^tat. 

’vVlOI*  CERTIFICATION 

reference  engine  network  1.09  for  description 
-  U,  end  criteria. 


Daacrlptlon  and  Criteria 

STAIT  UCAHUI  AI1F0XL  ItlTS 
Start  aerodynamic  teat  a  to  dataraina  performance 
improvement!  with  recambered  airfoil  a  Aerodynamic 
taat  in  progteaa. 

STAIT  SOLIDITY  ItSTS 

Start  aewdynawlc  taat  a  to  determine  performance 
improvement  with  reduced  aolldity  airfoil  arrange* 
want a.  Aerodynamic  taat  in  program. 

comm  AISOCYHAMIC  BflWMWff  TtSTt 
Continue  aerodynamic  taata  of  alrfolla  with 
cooling  affactivaneaa  and  LC?  refinement* 
for  iaprovad  performance  and  durability. 
Aerodynamic  teat  in  program. 

SMQINI  m 

la  ft rente  angina  network  1.04  for  daacrlptlen 
and  crltarla. 

CCMPUTt  SUSTAINING  IMOIWIMW  100  H»» 
nxoHT  nn 

Ind  of  fhme  til.  Coaplatton  of  100  howra  of 
flight  tatting. 

camwi  Tusittt  kviuumbt 
Continua  turhina  development  tailing  for  gar* 
formnee  and  durability  improvements.  tig 
tatting  in  program. 

SH.KT  OITin CATION  QDmVKUXim 
Select  airfoil  dtglffte  for  eerttlleatlen  angina 
with  araaavlbad  perfarnance  and  durability  saga- 
biUtlaa.  lalaaaa  alrfall  daalgna  to  angina  gam 

liat. 

nniw  amneAYioN 

to (t rant t  onglaa  Mtwik  1.04  far  daaavlgtion 
and  crltarla. 
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1.14  AUGMENTOR 

The  duct  heater  component  program  will  center  around  a  full-scale 
rig  which  is  an  identical  representation  of  the  duct  heater  portion 
of  the  JTF17  engine  and  will  be  supplemented  by  full-scale  testing  of 
two  sector  rigs;  an  annular  0.6-scale  duct  diffuser  rig;  and  a  water 
tunnel  rig. 

The  full-scale  annular  duct  heater  rig  will  be  tested  in  the  FRDC 
altitude  facility  to  determine  duct  heater  combustion  efficiencies, 
pressure  drop,  operating  range,  durability,  and  ignition  capabilities 
of  the  basic  design  and  various  modifications.  The  program  for  this 
rig  will  be  coordinated  with  ignition  system  development,  and  ignition 
system  hardware  will  be  tested  throughout  the  program. 

A  full-scale  sector  rig  equivalent  to  a  60-degree  segment  will  be 
tested  as  a  supplement  to  the  full-annular  rig  and  testing  will  be 
initiated  during  the  early  part  of  Phase  III.  This  rig  and  the  existing 
smaller  segment  rig  will  be  used  to  aid  in  selections  of  designs  and 
programs  for  the  full-annular  rig  by  investigating  duct  burner  efficiencies, 
pressure  drop  operating  range,  durability,  and  ignition  capabilities 
of  various  designs  and  modifications  at  reduced  effort  and  cost.  The  rig 
consists  of  a  60-degree  segment,  which  can  be  easily  and  quickly  changed 
or  modified,  and  has  a  relatively  small  airflow  requirement.  This 
method  for  preliminary  evaluation  has  proved  very  successful  in  prior 
J58  testing. 

In  addition  to  the  test  rigs,  fuel  nozzle  bench  calibration  testing 
will  be  done  to  support  the  sector  rigs  and  the  full-annular  rig.  This 
testing  will  consist  of  evaluation  of  various  designs  for  fuel  spray 
pattern,  flow  rate,  pressure  drop,  and  droplet  size. 

The  major  milestones,  network  chart  and  event  dictionary  for  the 
augmentor  are  shown  in  figures  27  and  28,  respectively. 

A  detailed  description  of  the  augmentor  development  is  presented  In 
the  Test  and  Certification  Plan,  Volume  III,  Report  E,  and  test  planning 
and  integration  is  presented  in  Test,  Volume  IV,  Report  E. 
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1.15  EXHAUST  SYSTEM 

Rig  and  laboratory  testing  will  include  load  deflection  and  cyclic 
testing  of  all  critical  portions  of  the  reverser-suppressor .  These  tests 
will  be  conducted  on  segments  of  the  reverser-suppressor  and  will  encompass 
structural  support  members;  inner  and  outer  structural  skin  sections; 
reverser  clamshell  structure,  pivot  points  and  linkage;  exit  flap  (tail- 
feathers)  structure,  seals,  hinges  and  support  members;  tertiary  air  doors 
and  reverser  door  units;  secondary  air  seals  and  engine  attachment  members. 

The  initial  objective  of  the  rig  and  laboratory  testing  will  be  to 
produce  failures  so  that  design  improvements  can  be  incorporated  in  sub¬ 
sequent  engine  hardware.  The  final  objective  will  be  to  demonstrate  the 
adequacy  of  these  improvements  before  engine  endurance  and  certification 
testing  begins. 

Model  testing  will  be  continued,  in  support  of  the  above  hardware 
testing,  to  explore  means  of  further  improving  ejector  and  reverser 
performance  and  achieve  increased  noise  suppression  ability. 

Performance  models  will  be  tested  in  the  United  Aircraft  Corporation 
Research  Laboratories  wind  tunnel  facilities. 

Integration  of  the  exhaust  system  with  the  aircraft  is  a  vital  con¬ 
sideration  in  achieving  overall  performance  levels.  Experience  has  shown 
that  installation  effects  on  internal  ejector  performance  are  most  signif¬ 
icant  in  the  transonic  flight  region  when  the  tertiary  air  doors  are  open. 

At  cruise  conditions  when  the  tertiary  air  doors  are  closed,  the  internal 
ejector  performance  is  virtually  insensitive  to  the  aircraft  local  flow 
field.  However,  the  external  performance,  such  as  nacelle  drag,  is  always 
affected  by  aircraft  flow  field,  especially  if  the  exhaust  system  is 
canted  relative  to  the  remainder  of  the  nacelle.  For  these  reasons  the 
scale  model  testing  at  United  Aircraft  Corporation  Research  Laboratories 
will  include  reverser-suppressor  installation  performance  testing  to 
evaluate  these  effects. 

Noise  suppression  models  will  be  tested  in  the  FRDC  jet  noise  test 
stand,  and  results  from  this  testing  will  be  used  to  establish  the  full- 
scale  program.  Full-scale  engine  noise  suppression  work  will  be  done 
in  conjunction  with  reverser  development  testing  on  a  JTF17  engine  test 
stand. 

The  major  milestones,  network  chart  and  event  dictionary  for  the 
exhaust  system  are  shown  in  figures  29  and  30,  respectively. 

A  detailed  description  of  the  exhaust  system  development  is  presented 
in  the  Test  and  Certification  Plan,  Volume  III,  Report  E,  and  test  planning 
and  integration  is  presented  in  Test,  Volume  IV,  Report  E. 
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1  1 6  CONTROLS  AND  ACCESSORIES 
FUEL  CONTROLS  .AND  ACCESSORIES 

During  Phase  III  of  the  JTF17  engine  program,  the  prototype  engine 
control  system  design  will  be  completed,  fabricated,  bench  tested,  engine 
tested  and  flight  tested.  The  prototype  control  design  and  development 
program  will  rely  heavily  on  experience  gained  during  the  J58  engine 
development  program  and  on  present  commercial  engine  experience. 

While  prototype  control  components  are  being  procured,  development 
engines  will  be  operated  with  the  modified  J58  and  TF30  controls  used  in 
Phase  II-C.  Additional  controls  of  this  type  will  be  procured  to  support 
the  development  engine  program.  Information  from  operation  of  the  develop¬ 
ment  engines,  development  component  rigs,  and  analytical  and  computer 
studies  will  be  used  in  the  refinement  of  the  design  of  the  prototype 
control  system. 

Bench  testing  of  prototype  control  components  will  include  both  room 
temperature  testing  and  environmental  testing  at  simulated  mission  cycle 
conditions  including  fuel  inlet  temperature  and  ambient  temperature. 

The  objective  of  this  testing  is  to  subject  the  control  components  including 
the  fuel  controls,  the  fuel  pumps,  the  ignition  system  and  auxiliary  valving 
to  as  nearly  flight  environmental  conditions  as  possible  prior  to  engine 
and  flight  test 

The  engine  test  program  of  the  prototype  control  system  will  be 
directed  toward  evaluation  of  control  performance  at  sea  level  test  stand 
conditions  and  under  the  simulated  flight  conditions  which  can  be  simulated 
by  the  test  facilities  at  FRDC.  This  testing  will  also  accumulate  engine 
endurance  time  on  the  control  components.  The  engine  test  program  includes 
the  completion  during  Phase  III  of  the  engine  FTS  with  the  prototype  control 
system.  Prototype  control  components  will  be  procured  and  updated  as  required 
to  support  the  engine  development  program. 

The  initial  100  hour's  of  aircraft  flight  testing  will  evaluate  the 
control  system  over  the  flight  envelope.  Flight  testing  will  also  demon¬ 
strate  engine/inlet/exhaust  system  compatibility  and  indicate  any  problems 
not  resolved  by  the  engine/inlet/exhaust  test  stand  programs.  Development 
programs  will  be  initiated  to  resolve  control  system  problems  encountered 
in  bench  testing,  engine  testing,  and  initial  flight  testing. 

Analytical  design  and  development  coordination  will  be  maintained  with 
the  airframe  manufacturer  to  ensure  that  compatible  system  performance 
is  achieved;  that  installation  requirements  are  satisfied;  and  that 
engine/inlet/exhaust  system  tests  and  initial  flight  testing  are  coordinated. 
Analytical  studies  and  computer  programs  will  "be  continued  to  verify  the 
validity  of  the  control  system  requirements  and  parameters,  as  required, 
to  coordinate  engine  performance  with  control  and  inlet  system  scheduling 
and  dynamics,  and  to  resolve  specific  control  system  problems.  Major 
emphasis  will  continue  to  be  placed  on  system  simplification. 
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VALVES,  ACTUATORS,  LINES  AND  FITTINGS 

In  support  of  JTF17  engine  testing,  actuators,  compressor  bleed 
valves,  lines  and  fittings  development  tests  will  be  conducted  during 
Phase  III. 

The  compressor  air  bleed  valves  are  very  similar  to  the  poppet  valves 
utilized  in  the  commercial  JT8D  and  military  JT8  engines.  These  valves 
are  located  on  the  gas  generator  and  are  required  to  provide  reliable, 
trouble-free  operation  after  long  periods  of  exposure  to  high  temperature. 
Extensive  testing  which  will  include  calibration,  cycle  and  exposure 
under  hot  and  cold  environment,  contamination,  and  flow  capacity  tests 
will  be  accomplished. 

Linear  actuators  that  operate  the  high  compressor  variable  inlet 
guide  vanes  (IGV) ,  the  variable  area  duct  nozzle,  and  the  reverser- 
suppressor  clamshells  are  required  to  perform  through  a  wide  range  of 
working  fluid  pressures  and  temperatures  and  ambient  temperatures;  to 
maintain  stable  operation  for  varying  load  conditions;  and  to  operate 
with  negligible  overboard  leakage.  The  major  areas  of  actuator  develop¬ 
ment  will  be  directed  toward  substantiation  testing  of  substitution  of 
titanium  alloy  for  Greek  Ascoloy  material  (AMS  5616) ,  which  should  provide 
substantial  weight  savings,  and  development  of  the  required  dynamic  seal 
durability.  Extensive  testing  which  will  include  hot  and  cold  environment, 
calibration,  heat  transfer,  endurance,  and  contamination  will  be  accom- 
pl ished. 

An  alternate  mechanical  actuation  system  will  be  studied  to  evaluate 
the  feasibility  of  simplifying  the  actuation  system  and  to  assess  the 
advantages  and  disadvantages  of  mechanical  system  development  in  relation 
to  the  JTF17  hydraulic  actuation  system. 

The  engine  lines  and  fittings  must  safely  carry  the  working  fluids 
to  several  locations  on  the  engine  through  a  wide  range  of  operational 
pressures  and  temperatures.  To  accomplish  this  task,  these  working 
fluid  lines  employ  tubing  that  ranges  in  diameter  from  5/16  to  2-1/2  inches 
with  wall  thickness  that  ranges  from  0.035  to  0.065  inch.  Mechanical  tube 
connectors  are  utilized  to  provide  quick  installation,  servicing  and 
removal  of  the  components,  and  to  provide  ease  of  engine  disassembly  and 
overhaul . 

Major  effort  will  be  expended  on  lines  and  fittings  to  develop  titanium 
cubing  and  mechanical  connectors  which  are  compatible  with  titanium  tubing, 
and  related  seals.  This  effort  will  consist  of  upset  forming,  welding, 
bending  tests,  vibratory  tests,  salt  water  tests,  fuel  and  oil  compatibility 
tests,  heat  transfer  tests,  and  mechanical  connector  and  seal  tests. 

The  major  milestones,  network  charts  and  event  dictionaries  for  controls, 
valve*,  actuators,  lines,  fittings  and  accessories  are  sfown  in  figures 
31  and  32, respectively. 

A  detailed  description  of  controls,  valves,  actuators,  lines,  fittings, 
and  accessories  development  is  presented  in  the  Tert  and  Certification  Plan, 
Volume  III,  Report  E,  and  test  planning  and  integration  is  presented  in 
Test,  Volume  IV,  Report  E. 
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1.17  LUBRICANTS,  LUBRICATION  SYSTEM,  BEARINGS,  SEALS  AND  GEARS 
LUBRICANTS  AND  LUBRICATION  SYSTEM 

A  continuing  program  of  lubricant  investigation  including  service 
evaluation  will  be  conducted  to  promote  the  development  of  the  highest 
performance  engine  oils  attainable  within  acceptable  economic  limits 
and  to  prove  their  suitability  by  engine,  rig,  and  laboratory  tests. 

Testing,  other  than  that  in  the  development  engines,  will  be  accomplished 
in  closely  controlled  engine  compartment  and  gearbox  system  rigs  to  define 
the  tnermal  stability  characteristics  of  the  lubricant  at  engine  lubri¬ 
cation  system  temperatures,  and  to  define  the  tolerance  of  engine  bearing 
and  seal  compartments  and  lubrication  system  components  to  the  speci¬ 
fication  lubricants  under  simulated  engine  environmental  conditions. 

Sampling  and  monitoring  procedures  will  be  established  and  maintained 
on  the  development  engines  to  provide  data  to  identify  potential  mechanical 
problems  and  to  extend  the  oil  use  time  by  eliminating  fixed  drain  periods 
for  the  JTF17  engines. 

BEARINGS,  SEAba,  AND  GEARS 

Bearing,  seal,  and  gearbox  testing  will  be  carried  out  on  bearing 
and  seal  rigs,  complete  compartment  test  rigs  and  an  integrated  gearbox  - 
lubrication  system  rig.  Pratt  &  Whitney  Aircraft  engine  development 
and  flight  experience  has  proved  the  necessity  of  exhaustive  testing  of 
bearing  and  seal  components  in  compartment  rigs  for  the  success  of  an 
engine  development  and  certification  program.  Bearing,  seal,  gearbox, 
and  lubricant  system  performances  are  dependent  on  each  other  and  the  test 
program  will  be  formulated  with  this  in  mind. 

The  spec:  ic  objective  of  the  bearing  program  will  be  to  evaluate  the 
performance  characteristics  of  all  major  bearings  in  the  JTF17  engine, 
including  towe  shaft  bearings,  compartment  thrust  bearings  and  compart¬ 
ment  roller  bearings.  Engine  bearings  will  be  overload-tested  at  simulated 
environmental  conditions  to  accelerate  the  evaluation  of  bearing  life. 

The  testing  program  will  be  conducted  at  simulated  environmental  con¬ 
ditions  with  the  selected  lubricant. 

It  is  the  specific  objective  of  the  seal  program  to  evaluate  the 
performance  of  the  major  seal  assemblies  with  the  selected  lubricant  at 
environmental  conditions.  Compartment  rigs  that  simulate  the  engine 
compartments  will  continue  to  be  tested  utilizing  actual  JTF17  bearings, 
seals,  scavenge  pumps,  housings,  and  associated  hardware.  These  tests 
will  include  seal  performance,  endurance  testing,  and  evaluation  of 
alternative  seal  materials  and  designs. 

Pratt  &  Whitney  Aircraft  engine  development  and  flight  experience 
has  shown  the  value  of  a  gearbox  component  program  which  stresses 
rigorous  te8"ing  of  gearbox  configurations  under  simulated  environmental 
conditions.  The  JTF17  gearbox  test  program  follows  the  same  type  of 
program  as  pursued  in  the  J5P  gearbox  development. 
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The  engine  gearboxes  consist  of  the  main  accessory  gearbox,  the 
secondary  accessory  gearbox,  and  the  power  takeoff  angle  gearbox.  The 
program  includes  testing  of  individual  gearbox  components  and  complete 
gearbox  assemblies.  Each  gearbox  will  undergo  endurance  testing  with 
and  without  environmental  conditions.  In  addition,  the  gearboxes  will 
be  tested  in  an  integrated  system  rig  which  has  proved  necessary  on 
previous  programs.  The  integrated  system  consists  of  a  rig  which  is 
capable  of  running  all  of  the  gearboxes  along  with  the  associated  oil 
sump,  the  oil  tank,  the  main  oil  pump,  the  fuel -oil  coolers,  the  bearing 
and  seal  compartments  and  oil  plumbing.  The  gearbox  accessory  drives 
will  be  loaded  with  water  brakes  and  will  be  tested  both  at  ambient 
and  simulated  environmental  conditions.  The  integrated  gearbox  system 
rig  also  will  be  used  to  evaluate  selected  lubricants. 

The  program  will  be  directed  toward  completion  of  FTS  and  certification 
testing  in  the  integrated  gearbox  system  prior  to  completion  of  the  engine 
Certification  Test. 

The  major  milestones,  network  charts  and  event  dictionaries  for  the 
lubricants,  lubrication  system,  bearings,  seals,  and  gears  program  are 
shown  in  figures  33  and  34,  respectively. 

A  detailed  description  of  the  lubricants,  lubrication  system,  bearing, 
seal,  and  gearbox  development  is  presented  in  the  Test  and  Certification 
Plan,  Volume  III,  Report  E.  Test  planning  and  integration  is  presented 
in  Test,  Volume  IV,  Report  E. 
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1.18  FUELS 

The  fuel  development  program  will  continue  to  be  directed  toward  the 
evaluation  of  the  fuel  specifications  for  the  JTF17  engine.  Commercial 
aviation  kerosene  will  be  used  and  testing  will  be  accomplished  to  deter¬ 
mine  the  adequacy  of  this  fuel.  Coordination  will  continue  with  the  air¬ 
frame  contractor,  airlines  and  oil  companies  to  ensure  the  acceptability 
of  the  fuel  specifications. 

Testing  will  be  conducted  at  simulated  operating  conditions  in  the 
JTF17  engine  and  primary  combustor  rigs  to  determine  the  acceptability 
of  the  thermal  stability  characteristics  of  the  fuel  at  typical  engine 
system  heat  rejection  levels.  This  testing  will  aLso  determine  the  effect 
of  the  fuel  luminosity  on  the  combustor  and  turbine  sections  of  the  engine. 
Materials  erosion  and  corrosion  tests  will  be  combined  with  the  turbine 
development  program  to  determine  the  materials  and  coatings  necessary  for 
long  periods  of  operation.  These  tests  will  provide  guidance  for  acceptable 
fuel  sulfur  limits. 

Lubricity  test  methods  will  continue  to  be  investigated  using  fuel  at 
temperatures  to  be  encountered  in  the  engine  system.  These  tests  will  be 
correlated  with  component  experience  to  deiine  the  lubricity  of  commercial 
aviation  kerosene. 

The  major  milestones,  network  chart  and  event  dictionary  for  the 
fuels  program  are  shown  in  figures  35  and  36,  respectively. 

A  detailed  description  of  the  fuels  program  is  presented  in  the  Test 
and  Certification  Plan,  Volume  III,  Report  E.  Test  planning  and  integra¬ 
tion  is  presented  in  Test,  Volume  IV,  Report  E. 
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Long  and  short  time  mechanical  property  ev«  nation  on  materials  speci¬ 
fied  the  JTF17  engine  will  be  completed  by  die  end  of  Phase  II-C. 

Durint  Vase  JT1  major  effort  will  include  upgrading  the  niechanical  properties 
of  engine  hardware  components  through  the  development  'f  improved  metallurgical 
processing  used  by  our  suppliers  of  raw  material  and  finished  parts  and  by 
our  Manufacturing  shops. 

The  Materials  Development  Laboratories  will  provide  support  to  the  manu¬ 
facturing  shops  in  the  development  of  metallurgical  processing,  and  work 
directly  with  the  suppliers  of  major  finished  parts  in  solving  manufacturing 
problems  and  developing  improved  processing  techniques. 

Once  improved  processes  have  been  established,  process  controls  will  be 
instituted  at  each  step  so  that  the  highest  order  of  reproducibility  of  the 
final  product  will  be  attained  for  engine  reliability.  Such  reproducibility 
of  manufacture  also  results  in  lower  product  cost  due  to  reduced  rework 
operations  and  lowered  scrap  rates. 

The  Material  Control  Laboratories  together  with  the  Vendor  Quality  Con¬ 
trol  group  will  ensure  that  established  process  controls  used  by  suppliers 
are  followed  on  major  parts  through  resident  p.  rsonn  1  stationed  at  the 
supplier's  manufacturing  facilities. 

Metallurgical  investigation  and  analysis  of  engine  failures  during 
development  of  the  JTF17  engine  will  be  performed  to  Drovidc  basic  informa¬ 
tion  for  the  improvement  of  materials  leading  to  desired  component  integrity 
and  reliability. 

Major  activity  will  also  include  the  effort  to  develop  new  materials 
and  processing  o  f  hardware  components  to  meet  the  engine  performance  objec¬ 
tives  and  provide  engine  growth  potential.  Specifically,  development  will 
be  directed  toward  materials  which  will  afford  weight  saving,  extended 
service  life,  an:l  increased  operating  temperature  capability.  Strong  emphasis 
will  be  placed  concurrently  on  analysis  of  material  characteristics  which 
affect  producibility  of  hardware  in  considerate  n  of  the  economics  of  pro¬ 
duction. 

Advanced  materials  and  processing  technology  acquired  on  the  J58  engine 
program  will  be  applied  to  the  development  of  advanced  engine  hardware  for 
the  JTF17.  This  work  has  been  discussed  in  Manufacturing  Techniques  and 
Materials,  Volume  III,  Report  F. 

The  major  milestones,  network  chart  and  event  dictionary  for  manu¬ 
facturing  techniques  and  materials  are  shown  in  figures  37  and  38, 
respectively. 

Test  planning  and  integration  is  presented  in  Test,  Volume  IV, 

Report  E. 


A 


VI! -89 


.19  MANUFACTURING  TECHNIQUES  AND  MATERIALS 


Pratt  &  Whitney  Aircraft 

PWA  FP  66-100 
Volume  V 


=33= 


2« 


1® 


2^ 


Oi 

s 


<3  <3  <1  <3- 


%'S 
1 1  § 
*  1  I 

P  #  a 


t  fe 

2  S 

S  I 

$  S 

s  s 

i  a 

H  5 

I  i 

^  * 

t:  2 


!  3 
p  p 


Is*  5 

x 

r-. 


c 

u- 


•*4 

Qi 

■u 

cd 

2 

T? 

C 

Ctf 

w 

cr 

•H 

c 

13 

a 

H 

QC 

C 

»r4 

W 

3 

4-1 

o 

nj 

<4-1 

3 

e 

i 


o 

u 

3 

00 

«r4 

fa 


VH-91 


1.19  MANUFACTURING  TECHNIQUES  AND  MATERIALS 


1.19  Manafaetur 


CONTINUE  LOW  CYCLE 
FATICUE  EVALUATION 
OF  ESTABLISHED 
ALLOYS 


CONTINUE  LOW  CYCLE 
FATIGUE  EVALUATION 
OF  ADVANCED 
ALLOYS 


Continue  Low  Cycle 
Fat tgue  Evaluation 


COMPLETE  LCU  CYCLE 
FATIGUE  EVALUATION 
OF  ESTABLISHED 
BLADE  AND  VANE 
ALLOYS 


Continue  Low  Cycle 
Fatigue  Evaluation 


9  Manafaeturing  Techniques  and  Materials 


ue  Low  Cycle 
e  Evaluation 


P 

cnuputTR  IMI  fin  t 

FATIGUE  EVALUATION  1  Jr 

CONTINUE  LOW  CYCLE 

OP  KSTAlLISWm  L- _ 

FATIGUE  EVALUATION  j 

DISK  ALLOTS 

5  (  0  |  12-68  | 

COMPLETE  LOW  CYCLE 

CONTINUE  LOU  CYCLE 

FATIGUE  EVALUATION 

W  FATIGUE  EVALUATION 

AND  VANE  ALLOYS 

6  |  C  |  8-70 

CONFUTE  LTF 

namnoM  or 
advanced  dir 

ALLOTS 


CONTINUE  BLADE  AND  VANE  ALLOY  DEVELOPMEll 


Pratt  &  Whitney  Aircraft 

PWA  FP  66-100 
Volume  V 


o 


v  1.19  MANUFACTURING  TECL  'JIQUES  AND  MATERIALS  ^ 

START 

PHASE 

111 

r _ 

) -  - * 

1  I  i  [  1-1-67 

Di  npi  t>>n  »i*l  lutrfu 
STAiT  *  IAS*  111 

i\-  r  4*1  Ut  l.p-vi!  T|.,r4 

M.4*r  III  ^••allrjj. 

|X«TINI  »  LIT  IVAtt'ATlOA  or  I STAM-I  'ttft  AltOVr* 

C.-Hl  *!»•.►  l4l">4>  I'  UT  *'.4t>4t».«  -t  Vkt4l<!  *  ■ 

l.(  Jffl  -  mr:tn«.  t4>-  l4»‘  »'  ••V4lu4t»»'« 
1*4  t«r»« 

loxn.vt  ur  mu  atu*  <f  amvwsii  auov* 

£•■«*  *!*»•»  l4**-'»44>  f  *  UT  «-»-4'  -4»  l-o  *'»  4*»'4-*.W 
4tt  >.  |  |  JTT;  *  *  •  «*»■*»  .  Ml  I'  , 


I  *«l 


i.-i 


cumin  ur  muAtto*  if  i  *«**«*«»  »um  »** 

VARS  ttUWft 

I -iNl«li<T  ICf  ■  4t-?4f l--‘*  .•» 

,TTf  M  «'•*?  •  v4*  It*i  •  »  *•  U* 

|M  :**.».  «lr  t|  («l  r«a**l*4t  •*!*4*- 

i •.  t»- »i£«  r •  « t : 

ctwruTt  ur  imr»m*  or  in«ui«ti  tut  *uw» 

i«<MK..i  i-‘r4t«ii'*  UT  wir4i«K*i *  .»i«n ir«i 

iff  1  *  <ll«l  4»l*^r«  *4*^  •>*  *41. •** »•»*«••  »** 

«itf*  ini  'liHIKlHttl  »•**•♦**«»*• .  Al>«« 

I- 

CtttftMt  Ut  «WLi»  Aft**  If  AJPtMKlt  M* 

*u*  in** 

U«4».l  .  "f4»*l  I  *  UT  -I  #i**~ 

M«lt  *»W  4 1  ki«  H«*M  •*!**  lr»l 

Ikvllli  «Nf  »*4*i»4ll-». 

<-**»  !<•  ►or 

tm tin  ut  mu*nm  «f  ******  tt*  turn 
C.«4>hI  liMlHlOio  Ut 

4l«l  «|l^«  *****  vfk-*  •»»« 

•U  *•  IwtllMHItl  »«pftU|tU«.  §*!•**»  lt*»IH 

I**  ►*!«»  UliwvIlH 

namn  *wm*  turn  m  m»  aiwi  muawn 

4»**\  p«m  •*«•*  •« 

HftmT  Itw* 

til*  **•<•!«•«•  M  TWIl  H***ai**i  —* 

(Mu«*  y**y>Ot  l 


Dr»i r i pi anil  CiitvrU 

START  ItfthlMtvrAl  U1«n  «mv  411  fOKfs 

« .if*  '•k-tlli**:  ••«  *'»!*•» •  .«•  *1.11  »  I-  '•••-■  1  A i 
41  I  't*l  «*>i  h'A*!*-  •»'•>*  1 1\. 

hl.r  .'Tdrr*  l>-*  |>t  k  •'  It  ••*••' 1  . 

start  Nicamtf  t*r «ai  va>  *at  «•»* 
ru*  •*  ixmifNut  Ailin'* 

lull  K»4t  IIV4I.';  !■•'!  '•»»  »'<  '  '»  *•4:  I 

.•I  ,.«mh4llk  4-  I  ’** »  *r‘  »' 

rq.>  *'•»!  «  I  »  1 1 .  ■«  ul  »i  »*•  *  4  m. 

In. 4 

CUtT  IHf»l»**!At  *UW  '•ms*  >**  *~ 

tun  -*U»w«  »  "f  f'H1  •  IS  *  ‘  '  1 

t  !•»  I  4*  ffl.'t.  •»''»«*  **  "■  '  »  4  *  • 

*ll‘S  V4|*-***4 1  *  * »  •  4  •'  •'•«»*  '*•■*'  -  *,‘l 

*ua»  «u*xkai  rtrittn  rv*i  a»u*  ■» 

Ufe%UI  AUrtl|>  m 

iuo  *i«*r  »  H’*«  *•'*  fo  ^ 

41  rloiM  Imi  •«*  ■  »  *«4* 

l*'«r»**l**  *!*-*•  ’’  f*  ‘  '  *  •' v 

*!>-*•  r»*- ***■••  1 

ittil  t»r*«0tvt  if  *^tx#  -fWMirt  f  .••**** 
AOtll  Wt  *0**10!  >u,i  *,tw 

II4H  *  •  **r»**^  ! ‘  w*  * 

•  4»*  .Hit-UII  *  *  '*  9  *" 

l*vf  I  ♦‘I*'  ■»  ■***'•»* 

nttfun  tmiAftif  »t  fnM  mm\v*  «u«  4« 
►H  MU^ 

(*«#.<«  «, ■-*«»**  **:iA4M»r-  fr  T<  " 

vl  '**  *•  *•*"*■  **-  ■* 

t«l«4*4  •-*  «•*. ••..!**•«*« M  **  •  ►**<3 

l*y>li<*<4U> 

n>m»i  cum  »f  tut  ut« 

OMlM  k*k<S**»*#l 

o«i*omi  i.i  #•»*; •**.-  -1  *t>» »*•■••»** 

,^.^-4*4  ,moiu.  m  m*" 

.irM.-n  -  k.4^1.4!  *•*  i4.4i.v-  *  f  * 

rr*i  *i> *“•■  r* •  **»**  ■ 

ewntt  mnMN  a*  »» 

»»*  * 

It/.  IM)^  »  *#*»*4#*  ***** 

f«*  /1t»»  r4*l^i—  I- 

WMH 


Figure  38.  1.19  Manufacturing  Techniques  and  Materials 


COHTISUE 

AWAtJCiD 

SH£ZT  ALLOT 

A* 

START 

DtFUUMBTAL 

ALLOT  KILTING 

START 

aollik; 

SVALOATtOR 
or  X?EtDttRTAL 

;tart 

IC  MDSTftrCTVRAL 

St  hSAT  TtU/.T 

'..WtSTKAriOR 

.  N  EXPt.-;WE!frAL  \ 

DsmoPMEirr 

/XLOTS 

LLDYS 

O  |  5  |  l-«7 

U  |  S  |  2-67 

45  f  S  |  5-67 

1*1  Zi  J 

COtTlRUAO 

A0TANCI0 

START 

UMR1MBRTAL 

ALLOT  MALTING 

START  HECUMCAL 
■®ftmr  *ss 

UC  STALL  AT  IT  R 

tXmPLETt  AOVANCIO 
HARDFAt INC  ALLOY 

r*VU.on*KT 

o smjtr»vrr 

ilW  V ODORS 

ALLOTS 

52  1  >  1  1*67 

5)  I  S  1 

SA  |  S  |  1*M 

11  • 

ccktimm 
HAPtfAcmoe 
tm  UMMATOET 
ANALYSIS  SUNQAT 


“1*1 


1*1 


I  .  vj\  t  V-  .mlt  i 


t*vru»r**\r  jir«»  vinm^ 

C  ‘-I  l«*  •  %  •■»!  >4l  ».  •>  If*  •  t  : 

.  *t!  .  •-»!»  ».  i't  •.  t  *  I  »  !•? 


uMtv  i 

»'•  »♦«?..•  ♦»  »•  *'»  >>  t 

(I'.li  t  .  «!.'  »  ’  »»  •  •*  » 

tr.  . »  !•♦*►  •  *'.  »•  »•:  v'  ..»  :  .  i. 


>U«t  Ft  4*1  Mi  A'4>  »»>•.!  • 

>*4i?  »«t  i««m  „  ■  r*  »•  •»  ■*• »'  ♦. 

t  > .  •  i..  «•■»••».**•  *•••-  •-».;** .  •••••« 

t  »  *■  •»  * :  *•  *-4'-  4'  '■  * 


itat  IT  ut  IVAtiifM*  *t 

<M«t  »#.**«  .  •■*-•«*  (..:«« 4.  *«*«  "►  •** 

>14'  ) !  i -  I  tiiatU'J  .  ♦  *•«»»»*•  «  ■«»<  * 

;*»-*  -ijM  »*»  •-:..  * *-•••*  .■•...»••*•  r>  «  *?*  ■■■• 
■  >■4’-  -V  i  "■ 


uvnin  Ain  it  * (HmH1*  ^ 

*•.*«'  *»-,«  “  .1  V. *-»*-’ 

*  «»«•«•*  -it »*«  *#•*'»»**♦ 

4->  >  *  *♦«  t**.  It*  *•-  t*|*4  i «t4t  l  ■$* 


(iMlDI  «**’•  WH  w  p.%r  4% 

Itmi**  «|t  J|<tl« 

•<*«'  V--f  •«  m%  +  **4*  • 

•  ■mtlf*  '*4*4  -*V  #♦*■•-» ;  *»«  -*t 

•»■*!*«  •»*•  '*«  I  ><*i|r  I  *'*•**♦***:*• 


sttut  iwl  UJWi  It  W1  Mftuw  IMM  4* 
lx*  (MH4 

(jMfUt*  *•*»'«•«’-*•  *»~4 ■  »— -r 1 ♦■<**>—= » •  »  •**♦>*«  •* 

*■*•»♦»  **■*•*•»  f  ♦  Fit- '  ''#*4 
•*-  -••#<*-  *h*  »k 

It-*-*  •♦!*•*  4  H**  •**-*«  t**4*'»***>4 


0411*1  HIM  *t  Ht  <»n«  IWl^M 

*»*-.  *•*■’ it  ■•*"*  *  *■'  -v  ■  rrt*»**-T  i  -  ** ; 

J  'I  ''**■»  Cti  <  "•*  4  t*  •»»*  *•*•* 

If'  **<•  1'f  tlf-l  ‘  •****' *'*'*>  <U«« 

»WU,MI«*-<1 1»  #«*#  '•i<l'*IMI«l|<  lt)-4U^  4* 


D»».  4>>d  If  is*.  I  l 


O'.riVl  U>VA'.lH»  t>!  >4  Atli'1  M  .lh’mM 

I  h'i  >  *1  'Ml  l  «•»  »  -  1*1  I  ' 


*fA«T  4lH\  »»Mfa  *tr‘  vV4*«  • 


■U*t  ritt-iv.  IV4I  .itilA  it  k.irtt.t't  '.SAt  Ui 

»«»»*  I  i,;  't;  »<««  •  .  i  *-ii 

■*<.«>  ;  -•  F  •»  •  ?J*»»  t 


i  » 


I  f.t.-J 


*1A*I  *H*'-nr  r?  *a|*  -tit  rn-*t  5-.vt  »r | .  a 
»t**>  !*•  limit'  w  Mi*'*?  i 

'!**'***  ‘  ».'•*»*  >■•*■**<  '  •  j 

r  ^*.k  *»•?  «*  ••  '4  *  •  ‘  AIP-  * 


«!  •;  utlttnu  I»m  Milit: 

*l4«*  “4  »i*f;  *  •■  •»!■■*  «-.■-*  • 

-  ♦.**  f»  ?■'#■♦’.  -J  -■’*+  •'  •-*>**• 


*l*»f  fwt-iw  MM  *T1«**  » 

4***1  «  i1*  f  -  *  *  *  -!t  •*  »  * 


!'«»•  *  «*» 


itifi  t<wtt(Ai  >trw»n  ini-in*  ■*  uj»» 

tn*i 

.***r  *  r* *•»«  *••■*  •  **  ‘  -  -*■ 

*«♦'  •  ■«  •«  •**  •«•  la*  4  '  ♦*'•*  I  *  ■  -*■*»  -  * 

•I  r<  •***»*’  ■*!.«,*  >**<  t+ 


o»wt  iw  *n*  t  t*i  »it 

•*’**•;  ‘A  *• 

4  '-*•-  ***  ■*  *  V"**  »*  ^**4  %  •*.  1 

♦  **>*  *<*-’.«<  *-^t  r*-» ,  •  fWiiii  i  -■-*  *  fc>«vj- 
t*r  HtM'  ' 


f  7 


<.  f  tpl  .!■!(  4'*f!  I  I  >  tr I  14 


am t n  t>t  >*  tut* 

•  •  •  '  •'  "  !»■'< 

‘.»4»  •*  *  *>  »•**  i»,4t  ••*••»  *  i 

,1  .!  .  »*  *'  *  *4«.  «  *«  -Mr* 


i:vtvu»  ut«n  win  vt'OH*. 

v*f  »  it'  >  • .  -p>  ai  i  >  •  •'*  *  - 

'  II  *  1  i'll  i  ,  t *»  c  ■  1-J  ' 


».4i  1  -Mi*nr ** 

i  •  I  I  .  «  «  »s-t  »  1  •«  •«  * 

r  *  «  »■. i»-  f  i  •*  **  ■‘‘■■‘•i 


t* '  r  **!  k  oi-  m-*i  rm*t  r>Y»  •tth** 

**:•*•■■  us-  ui*m 

*'  i  *  jf  .  *1  i;T  •«  •»».**•  "  ' ! *  <■ 

S  ,  y-  .  *  -•  «'**•« 


'U*  it  1:1  ^U(tt  ‘U'tw  #* 

*■  -■»-  *>  *♦  *■*  *«*♦  # 


(V«l  |  HilIttttM 


•  •"  > *  t  '»•  «*'  •*  ‘  '• 

P*. 

»%t»M  ftwaiiA  :?  imi» 


*»  '  *  • « ■  •  <*«•*•• 
•  <  »1 «  f'4  ■  ’**<•«»■*■« 

•  4‘  ?.*»  »»  ***  '4 


-t  «►«  Mkftttiu  stu 

•  '■*•♦.«  **  '■■>*■*  >v*4  *  A»  ‘ 

**  . . n  ?  »•  A***#'  •«* 


M«T  ilCTUMMnr 

».t«*  wriCTii*  ncwidts  aj®  nubauu 


ft'i'iinun  «n4  Criteria 


tONT1«1  01 S*  UU*  »Ylt»*A*X? 

£vii*l*fe.«  »>  t  I  .  4t  l‘H»  pf.'it  f.%,  »«• 

f*k’l  !*({  (  P»4-.  tl.«,  4tW  *-»  1.  v  •  V  * •  fi  |s| 

•  Ml  M  »•■«»  .if  Jink  4 1  <<-  > «.  wi | '  l  v  : 

t.»  Jffi’  irflMIl  «*.  O'f-hlli,  U'»4i«4  »  * 

*«-.»4«U4>  rv4 '  "4(  t  i- 


nw  u  Yiuxt  >  tm* 

A..-1  ,v|kl>'|  *  "0! 

ir  t* ••>*-«  1^#  *»,/  kttf't-  «  »i 

l.rf  i><  <ii>.  '*14/1-  «ti  Uku(.  »,  . 

>i«4i i  n« 


«»A«t  Ml  ^rtMklCAi  r*«tP|  KYAU4tV%  mt 
IWItlk  ftUAI  *  UIO) 

tfcM)  •*♦*))•  Itltf'i  4-*i  W|||  t*4t!4«  .1  »*^« 

'*  •»  -)♦)'*  I  v«  4<  »««t 

•*  “*•*«*  IW  •«|4«iUii  .-4  I  w 

•it  ?  r*  -4*^4 


ct«m#n  n»;i  vu«tr« 

W'"»  »»’!•  M I  »o) 

^  ilWtt  «k«  tw,  Vmv^.i 

•*  *'»4)«4  )*» 

iMf*1*  »  •fc)»4i  »«i)  |wi»l  |r>»4«i  *«) 

'i+*-***  4  4-  •»«)<-  *-« 

fti***))**. 


<*»«  an  ft  twin*  (tiiM  «vm«  nmumi 

«44«t  **«•*•«  (Mil**  HA  •  » %• 

f*'’*-  «*•  |»t)W4 

V—**  ■***  )•«*»)  )#))>•< 


l  trtt»  CMMMI 


«M?  ttlfttt  MUMSt  At  t 

***M  4 1 1  t»v  »fj#  AHipfWAt  '  *  •  •  4*«  I >4 

»ti»  *I*U  AW, 

A**4  I  <••*««•  »)lrH  -» 

Wa*  ff*»*  IH  *»*».(*«  »A4«m 


<wt  wootiitAni  «h»  «*f  nut 


H*«  >wit  ) *»«  kH  1«f*M4>H <-H»t  h*I«MM 
M  m*  ««*  allrvi  i«(«(  W«« 

ttttlltf  (•HMIlH  «M  HhIAo 
(OHM*  xwtmpiw 


0*  *»  *«»»  •.  I  l  l  r  T  l  4 


>rjar  au  >\uai  fm»»torv  *vai:  *ntM  *»r  uai1.- 

iun  !i  i.i«,  t*l  l  if,  I  -|4>  I  1 

i.»>.  •  it  •.»'.*.(«<  ).*kt  I.-  I'Cltll  |M  ’•  4  . 

H*-  -  '  r  t»  •)<*'•  i».  t.  •■*>•<*  Mf 


VtA»t  UK*:  #*\t  *f  I’fctM  'U.^MAUS  v<* 
(MOtitV  A:im  r*> 

*\*t. 

lt»C  »■*  •  ■’!'*♦*  1  IM)'-  » 

.  I  *  i  ■-.'*  •*'*»  4  «•«•':  >  .  f  <4.  «  ••!  a.  fi 

(•  »  -»■■■  r»  ••■■■'»  1  *■  iH«>l  4k 


it***:*  wAwt  ntvsl ’t  ifAttii  «»  4t%. 

V  •»  «•).  r«  **•**  w  -4. )  *)♦«•  **  ^ 

*•44  t-1 


».  »  I  •  I  ll  !*;-*•’*»■**  .  f  .*  »•*  i-*4  Ml-  lilt*  I 

(  »  »*•  '■  •  »it.  •  *  '■  ■  »•-**  •*:•*••■  1 

1*1  t  •-.A  t<«  ■"•"I*'***?  t  ■  t  ■  A»*«*'-v  A""»  | 


<WttV»  «•»?  A*;«n  *AW *►***’•* 

\  -*  -  V,  •  *♦  »  '•  ■#•*  *  v*«  »*>•»' 

i l. .'**.*»  •  'i  -#il  U  *•*  i  •  »I»*  » -i>  '  *-•*  *  ♦*  »? ’**’*4  < 
*  A-1  1_*  ‘■w’’'  «  '•  ■•.  •  t.***'  **♦'.  *-r  i 


«:** .t  uitilnu  «u«  *<»»v  itf»  tl»« 

D**)  •’*  .♦«.•«  •<  «*7«r*  -• -*ir.  «•’•'  •  *t*  .*v*. 

•<  *-»♦  -•(  - '**  ’*"r*«*»  *4  #**t  ♦*?  •  ' *r* 

.  ft*i«  4*-M  *■  • 


%taAt  Wtl»  itAi  Attm  <t  MWWntJ 
**•*1  *  !•*  "* 
*1*4  *4«»«iW1»::  4-4-0  ••>!(••*  f  *M* 

IH  »-»«»*•  **«fi»*  %4»* 


Ittfr  aAA  *•#»  WMf 

«0  ttllllMt-M 

ami  v*«  •**4«  *^4  w  •  ••  *  '*;•#+*■• 

«*  <^i4tl<  #SV'»4  i*»-*4  '.**^**«  ♦* 

4^tfH4p*4  *-»*  »W 

iflM 


fmtf  niMnkt  uun  Ain* 

«H*«  MltH  •  f*M*’"**l«‘  ■^**t-*%  v*  *■»• 

»)»*  »♦  <")K*'W  0*0  *v1~*  ***«M#*!- 


5 


I  comm  miuinoi  or  1 1 

AOVMCKD  ^HUl  |l\ 

WriRIALS  II  j 


[  ftftWTMTTVKIIC  AJK>  LABOMAIMtY 


t  ivau  Arti«s  urnt*. 


l*t  l  g'  «  ,  l.  |-4,  l  *  -t  •  f 

*rU  it  *>  ».  «*I  t»  » 

‘  ‘  ‘  *:  id,«'*»r  *  *  »  •  •  *  1 


D**v»ipt.  n  «r«|  CfllflU 

>ta*t  *i*uttcAi.  nfciitn  ivAisAtit*.  •*  tifiat 

*•*»»  Atl4**\ 

*****  !*««*•  i  pi  it,  ***’*.  *  »  ■«. 

•*»'*  •*  ••  •  *•  >  II  «»•*»«»  •  I  A*  **  »  I 


to.  4.  «  ,  (  r  t  fv  IllfH., 

.  «*»r»  k  r»  vi*.  v*o  t«  *4  r.  4 1  u  *•  I**  a  1 or* t 


'•i  4*  IHtl-v*  •-*  **‘4t 

»«*  ncxAMut  w*»«n 


tt*M  *  a*A»«  «>*  *IV  D*  •**:»’•!**  V» 

.  ■  »  •  ft  ■  J«  **  :  ••  .  *  «4  •  *  »  .  . 

‘«1  t*Mr  .  •.••  »  ♦•■V*  »•  4 

»**  *-»  ..  \  .  Ut  .f  J  #*♦■  '  ;*■% 

f««V  ■*  .'**••*♦  *■’  ■>+*« 

*»**.-,.*  4  Ife 

I  »'«■**  *  V'  $ 

IM  W**«  *«rt 

*  *  •  •’*+'’■  A« 1  *  *&*•»•,•**, 

-f*  #-»*  ■>■.«•**  *><  *  I  •<***■#  *  <-» 

«'•••**■  v'  <*  U*'  *»('*• 


«.  *ir*  ****** 

'  .*♦»«*  *■  -  "r*'1'  '»  »*•—■* 

•*^»«  **’•*• 

*****  ■*•*■■  ff .•*». -«**'.«•  . 

J4  A?1<%  ‘9  M!'*  • 

*  »«>**  «*■**■»»•  *  i *'  *•»*-'*« 

>■  «*■*•*  «!•  ..«*  a*-*  •»*#♦* 


*«M  «*  *»t  Wa?  n**  **•♦*;»'* 

♦urt* 

V*«  .A**  **  *  .***-^Y«  -  »»  ■•••#•.  •.#»«...» 

•i«  '••**  ***♦»••« 

*•?*♦.**  *•  S  *  ‘  IV- 


itAir  MtlMtU  ASP  m*M»I  t\*l.At|i*  <•# 

’•l"  «*»  M.4«t''S  ♦»'.  l.|  IU  '  l«  .«  * 

»*<*»•:  4  v.  «  t  .  ?*M  *.«.*>■  :»  4'  '  •*. 


«f*n<vt  iVAi-Aru*>f  *****  u#«s  *u.-4 

A  .1  <■  •■*:.».  ■♦.•'♦-tit!  *«.•*  ft  .*  ■  «  f*  r. 

*•*  -i  *•  n.  +iA.  **  «  ’  •.  • 

■M*»  »«*.<•  *t  * 


|A(|VI  *U’»-  **U  J*  *1*1#  A'-V  kv.l.\  J 

..  f*4*f 


unftvt  4AUHI*  w*J|  Ml'*  »«U»W|*l 

«  ■:•*«*.*  <*-.<■  •«*--  ***'  •*♦-«  ,  *-* 

r*  •» •*  »  '*•■■•*  f •*•».-*•  •»>*•♦»* i Ai  ft  I*"' 

«•***■•  **«.—  l  t^«  «  41:  -t  •»#*  *-»♦  -.•>  -  it* 

******  *  »  *■•?!’  ♦**■  ■•*»•*“ *♦ 

•»>'■.»'•  i» « £  r*  *•■**•»  *>*  •♦«».  •*  ;■*  tA- 

«»n*i  ****** v*. 

i-v-^  •*  v  »  * 

V  ■■•  *••#*.*«♦*.  .  »*f  »-••-*  ■« 

If..*.--*  .--ft**.-*.**.*:  *■,»*■ 

M  •  ■  K  4  *«•  ■  *•  .•  *(*'**< 

*»■*».•«  1*  ft  (Tttt 

«Mt  <uti*r  *in%  »tr»  hmm* 

HWlliiAa  >#  •44tf  •*  <»v 

•*  »*rt*w*  •!!*»  •HAM’-i  it.  PtM 

■  t+*f  IM 

»Mt  «(»VUI  IMltA  i*  M*  iwiiitw  4» 
nwiimt  «iu»» 

>»••-*  4  **«<  4  .  V4  >AfA*«M  0*rf  V.%  ««( 

»*  «rlf*M  l*t  -4 

Al  **A* 


ft  li  lUtif'k  »***  ‘.'Wl 

ftt.wt  H»t 

*'*  *'«  *-*•*•*••■  *■  *#**'•*  '  ‘  '  ''■■■  *'  '■•*••!■ 
*.*••»  ?!  «*•*  *  -‘t  •  >•  ’■  '*'  •  **  ■■*  -J1'  * 

t«r?lv  *  AJUV****  *SaW  V'.fe' 


it*rj  n  >t  t't  *«**•>>  i»'v» 

*•:••■*  •  *'■**  ^  -•— »  -  ..  I 

-  ■  •-***«.  *•■'.-  .  ♦:»*  ••••  *»■ 
f --W  <vt«S'  ** » '•  *  «  *.  .  »*•  j*  *■’*•'»•■*  ■ 

-  *■*.71*  ••  ■*  •  *  *  *  i  ■ 

«wniA  i»  i*i -*••-*•*  •▼  IU<A 

i  -'•**  «■«»  5«» -  A »  .  ’  }»  *  ‘  * 

«■••»»**■»  .'**••»  -  ?  •  '  *•*•*»'*  •*  •  *'  « 

»•»■*•■■  Sa’J  »  .*-.  *  «  *•  »-  «•  •:.»4  *  ' 

*« •.-;»*  *.  ■  ■•»■**>•  *■* ■  ** *.  •  ►»■••.*• 

»«4  •'<  ■  ■  4 


a*  nw  mm** 

*«  *«r»^ 


19 


Pratt  ft  Whitney  Aircraft 

PWA  FP  66-100 
Volume  V 

1.20  WEIGHT  CONTROL  AND  STATUS 

The  JTF17  engine  weight  program  during  Phase  III  will  be  monitored  and 
controlled  as  follows: 

1.  Report  engine  weight  status  and  weight  changes  periodically 

2.  Evaluate  all  development  engine  changes  for  weight  effects 

3.  Perform  weight  reduction  studies  to  evaluate  (1)  use  of 
applicable  weight  reduction  concepts  in  all  sections  of  the 
engine  and  (2)  incorporation  of  new  materials  and  new 
fabrication  techniques 

4.  Perform  weight  trade-off  studies  of  alternate  designs. 

All  activities  involving  JTF17  engine  weight  control,  weight  studies 
and  weight  records  are  performed  by  the  Design  Weights  Group.  This  group 
is  responsible  for  all  effort  involving  weights  and  serves  to  coordinate 
activities  involving  parametric  studies,  weight  trade  studies,  weight 
control,  weight  records  and  design  loads. 

Preliminary  weight  estimates  are  made  for  all  design  layouts  and  parts 
weights  are  calculated  from  detail  drawings  issued  with  engineering  changes 
and  experimental  parts  releases.  Weight  records  are  then  continuously  up¬ 
dated.  The  weight  records  system  is  set  up  in  a  manner  which  allows  cross¬ 
checking  for  accuracy.  Detail  weights  are  revised  for  all  engineering 
changes  and  the  engineering  change  records  are  periodically  compared  to  the 
latest  Bill-of-Materials  parts  list  weight.  Actual  weights  of  received 
parts  are  compared  to  calculated  weights  and  any  discrepancies  are  corrected. 

All  design  layouts  are  also  reviewed  for  possible  weight  reduction  and 
reconmendations  are  made  to  the  designers.  Other  weight  savings  studies  are 
initiated  within  the  group  and  all  items  are  coordinated  in  periodic  weight 
reports  pointing  out  the  best  combination  to  achieve  a  minimum  weight  engine. 
These  reports  are  not  limited  to  specific  intervals,  but  are  issued  when¬ 
ever  significant  changes  in  engine  weight  deem  them  necessary.  Pre- 
established  target  weights  for  each  engine  section  has  been  effective  in 
promoting  weight  awareness  and  in  measurement  of  progress.  Regular  reports 
to  the  program  manager  measure  progress  relative  to  this  target  weight  break¬ 
down. 

The  major  milestones,  network  chart  and  event  dictionary  for  weight 
control  and  status  are  shown  in  figures  39  and  40,  respectively. 

A  detailed  description  of  weight  control  and  status  is  presented  in 
Weight,  Volume  III,  Report  A,  Section  IV.  Test  planning  and  integration 
is  presented  in  Test,  Volume  IV,  Report  E. 
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Figure  40.  1.20  Weight  Control  and  Status 
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2.01  COORDINATION 

The  integration  of  the  JTF17  engine  and  systems  with  the  airframe  is 
accomplished  through  the  interaction  of  the  Design,  Project,  Installation, 
and  Field  Engineering  groups;  by  coordination  with  the  airframe  contractor; 
and  by  coordination  with  the  airlines. 

Installation  Engineering  channels  technical  information  in  both  directions 
from  Program  Management  to  the  airframe  manufacturer  and  engine -operators. 

This  is  done  through  the  Field  Engineers  and  Flight  Operations  Engineers  who 
make  direct  contacts  with  the  airframe  manufacturer  and  engine  operators  on 
a  continuing  basis. 

The  Installation  Engineering  groups  coordinate  the  installation  design 
requirements  for  the  JTF17  engine  to  ensure  complete  compatibility  of  tha 
engine -air frame  combination  relating  to  installation,  performance,  operation, 
reliability,  safety,  maintainability  and  economics.  In  addition,  these 
groups  integrate  airframe  requirements  into  the  normal  engineering  develop¬ 
ment  and  the  sustaining  engineering  programs,  which  continue  after  the  eng¬ 
ines  are  certificated  and  enter  operational  service.  An  Installation  Hand¬ 
book  and  Installation  Drawings  are  prepared  to  define  for  the  airframe 
manufacturer  and  the  airlines  the  engine  features  which  must  be  considered 
in  the  design  of  the  aircraft.  Thus,  the  Installation  Engineering  groups 
are  the  clearing  house  for  the  engine /airframe  technical  coordination  out¬ 
lined  in  the  Airframe/Engine  Compatibility  Agreement  described  in  detail 
in  Volume  Ill,  Report  D.  Test  planning  and  Integration  is  presented  in 
Test,  Volume  IV,  Report  E. 

These  groups  also  fabricate  engine  mockups  and  keep  them  up-to-date. 

These  mockups  are  used  as  aids  during  the  initial  design  as  well  as  to 
evaluate  the  installation  compatibility  of  subsequent  changes  to  the  external 
portion  of  the  engine.  These  changes  are  coordinated  with  the  airframe 
manufacturer  before  preparing  Engineering  changes.  As  these  changes  are 
released,  the  airframe  manufacturer  is  provided  with  Incorporation  schedules 
and  revised  Installation  Drawings  which  show  the  physical  effects  of  these 
changes . 

Concurrent  with  the  coordination  of  engine  installation  requirements, 
the  Engine  Perforaance  Group  provides  basic  engine  performance  data  and 
performance  correction  data  which  permits  use  of  specification  data  at 
off-standard  conditions  with  varying  ambient  temperatures,  engine  air -bleed 
flows,  accessory  power  extraction,  inlet  duct  losses,  etc.  This  group  also 
assists  the  airframe  manufacturer  by  reviewing  and  ccsmmntlng  on  ground  and 
flight  teat  data.  Engine  Operating  Instructions  along  with  power plant 
simulator  Information  are  also  provided  by  this  group  as  changes  are  made 
and  prior  to  installed  engine  operation. 
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Installation  Engineering  groups  also  coordinate  with  the  airframe 
manufacturer  and  the  accessory  manufacturers  the  requirements  and  specifi¬ 
cations  pertaining  to  special  airframe  required,  engine-mounted  accessories. 

The  major  milestones  are  shown  below: 

Complete  Engine  FTS  30  June  1969 

Complete  Engine  Certification  31  December  1971 

Complete  100-Hour  Flight  Test  Program  15  September  1970 

Aircraft*Certif ication  15  May  1974 
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MAINTAINABILITY 

The  Maintainability  Program  provides  the  effort  to  ensure  a  maintain¬ 
able  powerplant  throughout  all  phases  of  the  JTF17  engine  program  from 
design  inception  through  operational  service  and  is  described  in  detail 
in  Volume  IV,  Report  F,  Section  1.  This  program  encompasses  the  following 
effort: 

1.  Establishment  of  maintainability  objectives  and  requirements 

2.  Prediction,  assurance  and  verification  of  maintainability 
objectives  and  goals 

3.  Integration  of  maintainability  group  activities  under  the 
direction  of  a  maintainability  engineer. 

The  major  objectives  of  the  Maintainability  Program  are  to  reduce 
engine  maintenance  costs  and  minimize  engine-chargeable  down  time.  Ihese 
objectives  are  to  be  achieved  by  integration  of  features  into  the  engine 
design  to  reduce  the  frequency  and  the  time  required  for  engine  maintenance; 
thus  assuring  the  maximum  availability  of  the  supersonic  transport  aircraft 
during  prime  operating  periods. 

HUMAN  ENGINEERING 

Human  Engineering  objectives  in  the  Supersonic  Transport  Program  are 
to  amplify  and  sustain  personnel  effectiveness  during  the  manufacture, 
operation  and  maintenance  of  the  JTF17  engine.  Human  Engineering  is  pri¬ 
marily  associated  with  mainta inability  and  is  an  identifiable  function  of 
each  maintainability  group.  The  Human  Engineering  Program  is  a  continuation 
and  expansion  of  the  effort  established  in  Phase  II-C  and  is  described  in 
detail  in  Volume  IV,  Report  D. 

The  objective  of  the  Human  Engineering  Plan  is  to  integrate  the 
principles  of  human  physical  and  psychological  characteristics  into  the 
engine  and  ground  equipment  design.  This  integration  ensures  that  maximum 
man-equipment  efficiency  and  safety  is  designed  into  all  engine  components 
and  maintenance  equipment. 

The  Human  Engineering  effort  is  guided  by  M1L-STD-803A  and  emphasises 
personnel  convenience  and  safety,  man-equipment  accuracy  and  the  combined 
man-equipment  capability.  The  basic  operations  for  accomplishing  the  goals 
of  the  Human  Engineering  Program  are: 

1.  Personnel  orientation  in  Human  Engineering  philosophy 

2.  Engine  and  equipment  design  review 

3.  Continuing  review  of  engine  and  component  mockups 

4.  Review  of  ail  engine  changes 

5.  Survey  of  existing  engines  for  Improved  Human  Engineering  features 

6.  Investigation  of  internal  and  field  problem  reports. 

In-flight  factors,  such  as  internal  component  containment  and  cabin  air 
purity,  are  included  in  the  Safety  Program  described  in  Volume  IV,  Report  C. 
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The  major  milestones,  network  chart  and  event  dictionary  for  the 
maintainability  and  Human  Engineering  Program  are  shown  in  figures  1  and 
2  respectively. 

Test  planning  and  integration  of  maintainability  and  Human  Engineering 
is  presented  in  Test,  Volume  IV,  Report  E. 
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Reliability  encompasses  the  management  control  and  engineering  functions 
that  ensure  compliance  with  the  reliability  goals  of  the  JTF17  engine.  It 
is  accepted  that  every  useful  reliability  technique  must  be  employed  to 
meet  these  requirements.  Emphasis  has  been  placed  on  program  visibility, 
computerized  information  retrieval  systems  and  the  statistical  reliability 
assessment . 

To  improve  management  control  a  reliability  organization  has  been 
created  under  the  Product  Assurance  Manager.  The  Chief  of  Reliability  and 
Safety  reports  to  the  Product  Assurance  Manager  and  is  responsible  for  all 
reliability  analysis,  assessment  and  reporting.  The  Design  Reliability 
Group  and  the  Development  Reliability  Group  receive  their  technical  direction 
from  the  Reliability  Engineer.  All  reliability  activities  are  described  in 
detail  in  the  Reliability  Program  Plan,  Volume  IV,  Report  F,  Section  II  and 
are  listed  below: 


A.  Design  Reliability  Activities 

1.  Design  Review 

2.  Reliability  Trade  Studies 

3.  Reliability  Block  Diagrams 

4.  Failure  Mode  and  Effect  Analysis 

5.  Reliability  Apportionment 

6.  Reliability  Mathematical  Models 

7.  Review  Historical  Data 

B.  Development  Reliability  Activities 

1.  Failure  Data  Analysis 

2.  Critical  Parts  History 

3.  Reliability  Assessment 

4.  Reliability  Problem  Files 

5.  Statistical  Engineering 

C.  Joint  Reliability  Activities 

1.  Reliability  Training 

2.  Coordination  Air frame -Engine  Reliability  Interface 

3.  Vendor  Reliability  Control 

4.  Reliability  Reporting 

The  major  milestones,  network  chart  and  event  dictionary  for  the 
reliability  program  are  shown  in  figures  3  and  4,  respectively. 

Test  planning  and  integration  of  reliability  is  presented  in  Test, 
Volume  IV,  Report  E. 
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Description  end  Criteria 
ra*T  INA*  til 

Start  <»f  Ha#*  III.  Rwm  111  go-ahead  mrtvr4 
fro*.  ru. 

uuASiurr  sum  diagram 

Diagrams  ihwU(  logical  raUtlon  of  part*  tn 
a  <cmf*<n»nt,  components  la  •  wIxyliM,  ana 
subsystem*  In  the  JTTI7.  Updated  to  reflect 

Itltil  Issue  Mink  J  easterns. 

fAtUltl  MBK  Am  irrtCT  ANVLTSfS 
Aa  analysis  o t  ail  potential  lill<*r«  wdti 
o|  all  JTT17  c napooeots  and  parta  shown  on  the 
reliability  block  diagrams,  want  2,  considering 
a  ilng la  (altar*  at  a  law.  Includes;  failure 
rffecti  uo  subsystem,  an* in*  and  aircraft, 

«tM  ef  (fiKiluA,  irrv  actual  required, 
design  philosophy  to  preclude  tall  are,  Hassid 
.  laaalf  Uation  and  design  criteria  to  reduce 
hacard.  failure  node  and  effert  analysis  la 
updated  each  liar  block  diagraa  are  updated 
aad  at  ledet  every  «u  mmtha. 

Curt  eat  iallut*  bmhIc  and  effect  analymla  re 
dependent  on  Uauance  u|  ,urr*iu  bleep  diagrams 
(event  ?).  Aucwsggtul  a.compl  islamiu  of  thla 
edit  ten  ie  Jeleralnrd  bv  cuaplel  l on  ol  analysis. 

KtLlAhU-lTY  APPUBT  l  <*»«>* 

hu  t  It  inning  or  apportioning  the  overall  JTPI7 
cel  lability  goal*  aanng  the  JTFI 7  subsystems 
and  parte,  «•  sh*ivn  on  the  reliability  block 
diagram,  event  2.  Require!  updating  aa  pro- 
gram  prugretaea  II  m>r*  eftorl  la  required  on 
a  subsystem. 

lpfnrtii«Mnt  la  subject  in  tiepIvtliiR  of 
leltakllUy  block  diagram  (event  2).  Accum- 
pllehaeni  1*  denoted  by  issuance  ul  the 
apportioned  subsystem  and  engine  reliability 
geale  {failure* /1 000  hunts) . 

NATKMATICAL  MDOg l 

A  cwmpvtsr  progr**  which  sppm  t  lone  cbe 
reliability  ngilriaMi  of  a  eye  tea  to  the 
tuapubenli  and  lubeyeleaa.  The  apportion* 
beet  U  baaed  un  the  probability  of  component 
failure  and  rendu  tonal  failure  of  alee  ion 
due  to  component  tat  lure, 


cmrixuiw; 
vtm  pne 


NAftBMTlCAL  NOML  (Continued) 
l.  failure  node  and  elfect  analysis  auet 
be  completed  previously  (event  1). 
i.  Reliability  apportionment  auat  be 
t apple led  previously  (event  4), 

).  Nethemstlv.il  model  in  deplete  when 
criticality  ll«ting  t*  published. 

faiuirx  none  and  ima  analysis  aih*t 

leiuance  ol  failure  mode  and  effect  analytta 
report. 

Issuance  of  report. 

RtTABllSN  RILl ABILITY  AlggpOBIfr  PROCOQU 
Satabliah  grpund  ruled  and  prwcedwree 
acceptable  to  management  and  federal 

Aviation  Authority  fur  the  evaluation  of 
reliability  parameters,  such  aa  aaan  t lea 
between  failure!  (HW),  preaaiur*  engine 
removal  (PSA),  etc. 

Publish' reliability  easeseewnt  procedure. 

SSNUimUAl  RKLlABlLirt  UPOPT 
Reliability  progress  report  to  date  (thguugh 
June  ldb7). 

Issue  report. 

RkLlABII-tlY  I  LUCK  U  l AC  RAM 
DUgraM  showing  logical  relation  of  poets 
in  a  component,  t naponenis  In  i  subayaten, 
and  subsystems  in  Che  JTYI 7 .  Updated  to 
reflet i  latest  design. 

FAIU/RI  NM  AM)  IPPBCT  ANALYSIS 
An  analysts  ut  all  golem  tel  failure  audes  of 
all  JW17  ctaiponmis  atDl  parla  gh.net  un  the 
reliability  block  diagrams,  event  B,  considering 
a  tingle  failure  at  #  time.  Includes;  (eiluie 
■fleets  on  subaystea,  engine  and  Aircraft,  method 
of  detect  u»n,  svew  aclldb  required,  deatgh  phtlos* 
opky  to  preclude  failure,  haaard  v  legal  fuel  u>n 
and  deaign  .rlteriq  to  reduce  Haaard.  Mflure 
mode  and  ellsci  anal ya la  is  updated  esafe  turn- 
block  diagrams  are  updated  end  gi  Isast  every  sis 
months.  Current  failure  mod*  and  eftbsi  analysts 
I*  dapsadent  on  Uauance  of  current  blast  dug' cm 
(eveAt  *).  Succeaaful  eccumpltgbment  of  parti. ulet 
edition  ta  determined  by  cumplgtlon  of  analysis. 


•J»V. 


Ovacrlpt  Ion  and  Ct  Uiri*  ■ 

RELIABILITY  A*SES:,WNr 

Reliability  assessment  to  date  o I  the  engine 
at  if  at  and  ol  the  t«at  facllltli**,  Thle  la 
a  tal  lability  i.ide*  ol  tha  engine  and  con¬ 
trol*  at  flight.  Hi#  input  i>  lc«m*ST 

Projn  l  Group.  _ _ 

Completion  ol  semiannual  ssteemenT .  Input'. 
lr>m  Pioja^t  must  be  complete.  Hall*  < 
ability  **ae*smeni  procedure  oual  he 
tin*  Used  (event  /). 

failure  Nuot  and  imcr  amauhis  rkpomt 

lament,  c  of  (allure  Mode  end  effect  analysis 
repor  t . 

laaua  repot  t.  I  vent  lb  nuat  be  complied 
prior  to  report  being  prepared. 

UMf  ANNUAL  Ut.UBU.ITY  BFUBT 
Reliability  piogrrs*  report  to  data, 
laaua  report. 

UUAIILin  BUtCK  DIACBAN 

Diagram  shewing  l«*giu»l  i elation  **f  part*  , 
in  a  uapwm  ,  components  in  a  subsystem, 
i  tod  sobatstrm  in  lb*  ITT  I/,  limb  diagram 
.(if  updated  to  reflect  lataat  design. 

Imu«  block  diagrams, 

PAiuibi  mm  and  irrtcT  analysis 
An  aoalyl la  ol  ail  potential  failure  »d*a 
»t  all  41?  1 7  component*  aud  parti  shown  nn 
tlia  reliability  block  diagram*,  event  22, 
considering  a  alngiw  lailete  at  a  time. 

Im  luifea.  failure  »fln  li  <>n  subsystem, 
mi  me  and  aircraft,  method  of  detect  Ion, 

.raw  action  retpiiiad ,  design  philosophy  to 
preclude  failure,  haaard  tlaailf uatlun  and 
design  criteria  to  induce  bayard,  failure 
*><!•  and  e fleet  analyst*  ara  updated  each 
Use  blocb  diagram*  ate  updated  and  at  l*MI 
every  ale  Mndii . 

Current  fa  i  Lure  feni*  ami  *  fleet  and  I  ya  la  la 
dependent  on  leauance  ol  current  black 
diagram*,  event  2J»  iwcceaaful  accomplish- 
■ent  of  particular  edition  la  dele  mined  by 
lonplettnn  of  analysts. 


Drat » i pt Ion  and  Criteria 

RELIABILITY  AFPORTUWNLNT 
Part  it  Ion  tun  or  appnrt  lotting  overall 
JIT  17  reliability  goal*  mens  the  JTF 1 1 
subsystems  and  peril,  «a  *lif*Wn  on  the 
reliability  blocb  diagram,  event  22.  Re* 
quires  updating  a>  program  progresses  U 
a»ri  el  tort  la  resulted  >»n  a  subsystem. 
Apportionment  la  sub  )«c t  t»  completion  ol 
reliability  block  diagram  (event  22). 

Ac.  •aapl  iehftani  II  denoted  hy  lanaiHi  ut 
the  apportioned  subsystem  .trd  anglne 
reliability  goal*  (fat lure*/ 1000  hour*). 

NATNMbTlCAl  NDOCl 

A  ,  taapoier  pro* run  which  apportion*  the 
reliability  requirement  ot  a  system  to  the 
lonpoiHinra  and  subsystem.  Hi*  apportion¬ 
ment  la  baaed  on  the  probability  of  com¬ 
ponent  fdilui*  and  conditional  failure  of 
■  la* ion  due  to  cmmponani  failure. 

I.  Failure  aode  and  effect  analyst*  nuat 
be  completed  previously  (event  73). 

J.  Reliability  appor t  toomeiu  nuat  b«  run* 
p lei e*l  prevloualy  (event  24). 

t.  Mathematical  model  la  complete  when  a 

criticality  Itatln*  la  published. 

RRLlAHILin  ASHIHHMNT 

Reliability  .taaeaaaant  to  date  ut  the  engine 
at  teat  and  uf  the  teat  lac  little*.  This  la 
a  reliability  Index  ot  the  engine  and  ron- 
Kola  at  (light.  Hie  Input  la  fr.ua  iST 
Pr«lect  Group. 

d  Herts  tor  aucceaafut  accutapl  lahaHiu  la 
.  map  let  im»  «i  semiannual  assessment  Input 
irm  48  T  Project  meat  be  complete. 

FAII4IBK  HUM  AND  irffCT  ANAUbiS  BIPURi 

laaua  of  (allure  node  and  rlfe.t  analysis 

1  *aue  il  report  i*  criteria  lor  accempi  i*h« 
■ent.,  Ivent  23  «uai  ba  completed  print  to 
report  being  prepared. 


n.  c.r  ipt  iun  and  Criteria 

SEMIANNUAL  UUAdtUTY  REPORT 

Bel  lability  progreaa  report  to  dale . 

Issue  report. 

BBI-IABII.ITT  BLOCK  DIAGRAM 
Diagram  showing  logical  relaii  ti  ot  mu 
in  a  component ,  component*  In  a  sub*v*tu. 
and  subsystem*  in  the  J1TW,  which 
dated  to  reflect  la teat  Heaign.  < 

laaoenve  of  blink  diagram  li  dependent  . 
cvurfnt  deaijpi  being  final  Ued. 

KAILS U  MODI  AND  HWf  ANALYSIS 
An  ana  lye  la  of  all  potential  1st  lure  »»*d( 
of  all  JTTI7  empouenta  and  pern  shown  . 
the  re  I  tab! I  It v  block  diagram*,  event  2b, 
cunatderlng  *  single  lallure  at  a  time. 
Include*;  lallure  etterta  on  aubavatem, 
ergltiw  and  aircraft,  sat  hod  ul  detadiou, 
crau  action  legutred,  design  philosophy 
to  piac lode  (allure,  haaard  cUaatf liatic 
and  design  c  met  l*  U*  reduce  harard. 
Analysta  t*  updated  each  due  block  dlagi 
si  a  updated  and  at  luast  every  elk  months 
Current  (allure  mode  and  vtlect  analyst* 
la  dependent  on  tiauam  «*  »*l  (tirrent  hlo,  t 
diagram,  event  24.  g«cc»aaful  atc.aapli 
meRt  ol  particular  edition  la  i|e lel’ial tied  j 
by  oenpirt  Ion  ol  nut l ys la. 

RKLtABtU  TV  AFFOBTlUKMBNr 
Pari  tinning  »i  tpp.it onung  the  oveiall  1 
ivlUbllily  goal*  am.n»g  the  JITl/  auhavai 
and  par  ta,  as  shown  on  the  reliabihtv  )> 
diagi^a,  event  }%.  Begulrea  updating  o  j 
progi  ta  pi'igressa*  if  mote  eflmt  ta  re<} 
on  a  cnbaysims. 

Apportionment  l»  subjact  »u  templet  lou  * 
i  el  lab  1 1  itv  blcmk  diagram  (event  24).  1 

Acccaapl lalmtent  ia  danoted  k»y  itactance  «>i 
(he  appor l timed  aubayatem  ami  engine  < 
rvllnbility  goal*  flat  lure*/ 1000  hnuig). 


|U 


KVfNr  DICIIONMIY 
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Otur  ipt  ton  and  CrUtru 

SEMIANNUAL  Al  LIABILITY  tBK>NT 

t«  i  lability  progleaa  report  *.,  ibU. 

l*au« 

Wiusiun  BLOC*.  OlAUUM 
hi  tgraM  itunrtftg  logical  rtUilon  i»l  prta 
in  ■*  i  onpcnent  ,  component*  in  a  tub*  /area, 
uxt  Subtyatma  In  (He  JTYU,  which  at*  up* 
daiet  to  rrflyit  latent  dt*  1  nn . 

Ututnv*  of  blucb  diagram  u  dependent  ms 
x«v*nt  -lentn  being  (InnlUed. 

EAimu  MODI  AMD  tfVKCT  ANALYSI4 
An  nratyata  ul  nil  potential  (allure  nude* 

"l  all  Jt?l7  cotpementt  and  (Mri«  ab«nrn  on 
(He  w'.UbtlU)  b loc A  diagram,  tvebl  21, 
l«’it»id*r lug  4  • Ingle  lailure  «  •  tin*. 
Imludre;  Ml  lure  eltaiU  on  luMyun, 
engine  4 mi  aircrgtt,  ntthod  ul  detect  Mu » 
sr*w  action  repelled,  detign  pHlloavpHy 
«<  preclude  failure,  hntard  cUhUkv'w 
*4ii*l  iralgn  criteria  I o  induce  haxard, 

AnMyelk  i»  updated  t«h  t  Uee  block  diagram 
*im  updated  mu)  at  lean  every  tin  month*, 
torrent  tailor*  «4r  and  *U«(  annlyata 
I*  di'peiident  o«  leauatu*  of  current  block 
dtftili  tarn,  **en»  It.  ftucceiefut  nccx*kplt*h* 
n*nt  o|  parttcukat  edition  i»  determined 
bv  i  unplrUpn  pi  nulyiti, 

kKi.'Aiiurr  AkfotnohMwr 

far i  \  toning  or  'ipp<UiaulU|  the  overall  Jtfl/ 
i»  l  utility  goat*  among  U.e  JlfW  eub»y*t**a 
«o«j  ^iriii  4*  *how«  >•**  tli*  reliability  block 
event  It.  Requlrt*  updating  a* 
ptogtaa  prugreaaa*  if  more  ettoil  i*  required 
on  4  *ubay*i»n. 

Apportionment  l*  *ub)**l  to  completion  «>l 
leitabil tty  block  dtagiam  (event  2t>. 

A* » u*pl  i»>  moot  i*  danoted  by  i**oe«*a  ul 
the  tppott Iwned  cubtyttv*  and  engine 
reliability  goal*  <lallcn**/lOOO  Hour*). 


Deacrlpt  .on  and  Criteria 
HATMCMAf  ICAL  HOWL 

A  computer  ptogren  which  apportion#  the 
rel i**i Illy  requl lament  id  4  ay* to  the 
component#  and  subeyateme.  The  appor t  to*>- 
■ent  l»  baaed  on  th*  probability  uf  compo¬ 
nent  failure  and  conditional  toller*  "t 
ataalon  due  to  cuapuMnl  lallura. 

1,  fallura  aodo  and  affafl  anotyala  aual 
ba  vintplatad  pfavioualy  («v«nt  30). 

£.  RalMblllt)  ipport Wmarnt  mat  b#  c«ta* 
platad  pcavtouaiy  (rvrnt  31). 

).  Natli  mat  (cal  and  a  I  la  euafltt*  otian 
rrUUaltiy  Hating  la  publiabvd. 

MLIAIIUTY  AbJrtSSWKT 

RaliabtUtv  aateaaaant  data  ol  the  tang  I  tu 
at  teal  and  of  (be  tett  ia*Ultl«g.  Ibla 
ta  a  nliability  Inde*  ul  thi>  angina  and 
roatrola  ai  1  tight.  Ik*  Input  ta  fnaa  S9T 
Rrojert  Group. 

Cuaplallon  of  aaautmual  aaataaawnt  la 
irUarla.  Inpit  Irua  MT  Prujait  Mitt  be 
i.«plat«. 

fAlUmi  MM  AND  IPFIL'T  AMALYSlb  RtPURT 
l*auanre  uf  (allura  taoda  and  a f  fact 
anlaysta  report. 

Li  t  tar  ta  u  Uatwma  ai  report.  Iveai  30 
mat  ha  voapletad  prior  U<  report  la  tag 
pta pared, 

HIM  l ANNUAL  ULUtlUTY  RIRURT 
rhu  tapnrt  la  rha  tallabllUv  prugreaa 
taped  tu  data. 
l««ua  report. 

RILUJULm  RUN*  DIMMAN 
0ta#M4  akiattng  logical  ralatioa  af  parti 
in  a  rtMpraant,  cu^pimanta  In  4  awbaygtw. 
and  aubgyalaaa  In  U. '  J1VU.  updated  to 
redact  iatait  daalgn. 
laaua  blMck  dtagraag. 


Dcainpt  l«m  and  dritarta 

RA11URB  WOt  AND  1PPICT  ANALYSIS 
An  analyata  ot  4ll  pu^-nt  t«l  failur*  »odei 
ul  a'l  .ITT W  c«4gponema  and  parta  ahown  on 
re  I  lability  block  JUgraM.  event  H, 
ctmeldaring  4  aingla  failure  al  a  t laa. 
Imludaa.  failure  at  facta  on  aubtyataa, 
engine  and  atrtralt,  rwtKid  of  dalecllon, 
i  rev  action  requliud,  deatgo  phlloauphy 
to  praciude  failufa,  haaard  c leaf  if  teat  Ion 
and  doalgn  inter l*  to  raduta  Hatard. 
Anaiyata  la  updaiad  each  t lac  block  diagram*, 
era  updated  and  at  lean  every  > U  u>»itha. 
Current  failure  nude  and  tffart  analyila 
la  dcpeiPieot  on  ietuame  of  currant  block 
dtagrm* .  event  34.  Suuaeaful  ait««pUah- 
■»anl  ol  pettiiulai  edition  >•  Jet  trained 
by  completion  nf  analyala. 

AtlUtlUTY  ATTWmOKHRNt 
Tnrtit  lotting  or  apparv  tuning  the  overall 
JtTI 7  reliability  goal#  i«n«  the  JTTI/ 
aubavaiMM  and  part*.  4a  hImmi  on  tba 
rail  ability  block  dt agree,  avani  34.  k*  - 
quire*  updai  tug  aa  program  prugreae,  *  u* 
awra  effuit  ta  rrqutied  on  j  aubayttam. 
Apport  kuimwiti  ta  aubject  tu  ccmpietton  ol 
reliability  block  diagram  levant  34). 

Ailuftpl  lahawnt  la  denotac*  by  laauama  of 
rha  appnrtlonad  rubayate*  and  engine 
reliability  guala  (tel loreg/1000  hrnira). 

hatmumtical  mum  l 

A  i  unput  or  pr.'gian  whdeh  apportloM  the 
rvl lability  tegulrenani  of  a  ayatan  t«>  the 
ionponvni*  and  auhayattna.  Ibe  apportion- 
laant  ta  baaed  an  the  probability  ul  rem- 
ponant  failure  and  conditional  ini  Ur*  of 
miaaton  due  to  itoponant  lailuea. 
i .  Tailor'  mod*  and  afiatr  auaiyaia  mat  b« 
loaplatad  prtvl»uaty  (event  3?) . 

Rvl  lability  apporiiwptent  mat  be  cam 
plated  pravliHialy  (event  X), 

J.  NatheaMtUal  node!  4*  rump  late  when 
criticality  luting  u  publiabag. 
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•ascription  oml  CrltrrM 

me  iii  t  m 

IrhlMKf  *M(M  WVMli  l.M  lM 
dutrl|U«  «M  trUttU. 

pa.<  um  mu  summy 

Tbt*  »o  *  luiuimton  of  failure#  by 
typ»«,  unplMO,  oopuem'#,  IK.  Illlt 
lit*  lujeo  *  4eo*rtptlon  of  the  to  I  lot  oo 
*i»4  of  lb#  roOultA,  »th‘h  40.  •Mia«‘he4ui»4 
to* I  rorotiMt  Ion,  failure  4'«elveto,  port 
liUfHltlun,  oft. 
lo»e#  aueowry. 

PAIUIM  BAIA  HiMNUir 
Tbt*  to  «  iiMUrlfillm  of  liDtifH  by 
t  vp*t .  nfiitM,  iu.  Ikto 

imliilM  a  fyitriprtio  ot  tbo  failures 
0tt4  of  tbo  root!  I  to,  Otuh  00,  unocbo4»l*4 
toot  to  nil not  ion,  loilur*  see lye to ,  fin 
4tap*<a'  tu*,  oft . 

Uosm  ouwoty. 

rAtumi  »ata  jimmy 
fhtl  to  0  ItawHtil  tM  ol  totUloo  by 
ypeo,  infloM,  ooononro,  rlti  RtU 
int  tu4ro  A  fMcrlytinit  **f  ili«  toi lutes 
4*0  ol  I  bo  results,  iwk  oo,  u*o»He4uU0 
tOOt  UtOiMI  l«4>  lOtluiO  4*4 1  VO  tO  ,  P0*1 

tlopiliw,  #«1. 

{•too  ouwory, 

PAIUM  MU  nUMT 
Ikto  io  •  ouowttaot  i*m  ol  lot  turn  by 
typeO,  IffUMhi,  fit.  Ik U 

t m.  luUeo  «  4e0tripti>«  ot  tho  lotUfoo 
«*d  ui  tb«  tMHlti,  OM*  oo,  ueo*be4el«4 
toot  tef»lAOlltM»,  ft  I  llMO  4M*ir»tO,  |Nirt 

tilpMIM,  lit. 

Iomo  ouwory 

PA  I  MU  Mtt  MNMV 
Vito  U  t  ouwoo  loot  I  jo  ol  totlurep  by 
types.  o«t»too.  OOfWNKO,  it*.  *H 
toe luAeo  0  4p0»t lottos  of  tbo  to  t lures 
out  Of  «b0  result*.  owl  oo,  woiloAiM 
toot  lomUMttoo.  lotion  ooolyoto,  port 
Slopes' too. 


•ennyilon  «im!  tr It trie 

PAIUIU  MTA  SUtbtUY 

1b to  10  4  •  uaps  •  t totl»n  v.f  folium  by 
tvpoo,  oopiiMO.  lootioitav,  01*.  Itilo 
UKlmUo  4  4«f0*i  ipt  tun  of  IMr  failures 
and  •  *!  tb«  results,  OiH'b  to,  unocbo4olo4 
toot  trminottun,  liilvr#  ooolyoto,  port 
tllopoot  IOA,  4U, 
llltM  ItWO. 

PA  1  UM  OAfA  «MMV 
Ik  to  lo  o  ooHMrllOtlnti  ol  tOt ’“too  fr 
rypoo,  enptnoo,  iffwoi,  otr.  Iklo 
i  ml  Moo  o  deo*  natter*  »•!  tb#  tollurto 
0o4  •>(  tbo  ironlto ,  oocb  oo,  uryOibeOuleO 
loot  toiotnot  ion,  failure  otteiyelO.  port 
olopoot ton.  otr . 

Issue  otworv. 

PA  lUM  MTA  bVNhUIV 

TktO  to  0  itMOIlNl  t'O  o|  U.UlH  by 

typoo,  oftptrtuo.  wbOM,  *n  •  bli 
kOfiuOto  o  4ro# r  tpt  |»>o  ,»f  tb*  to ilur*s 
4it4  Wl  til#  result*,  lo* h  40,  uu»*he4uie4 
t#ot  t#m«otii*n,  failure  analysts,  pert 
AVopoett too,  Ht. 
loom  sowar?. 

PAtlMl  SATA  UtMtat 

lkl»  to  I  tMHMMUM  4V  Itllmr*  by 
topoo,  vOgtOOO,  UtMKf,  Ott  •  All* 

intluAoo  0  deft  rfpt  ten  ol  tbo  to  l  litres 
«o4  ot  tbo  rooolto*  ootb  OO,  rmo.bod  »lo4 
toot  tons  toot  i"fi,  failure  analysts,  pert 
Atopooti ton,  ott . 
loom  oowoiy, 

PAIUM  BATa  iNMIt 
Ikto  lo  o  iomMmhvi*  of  tat  Urea  b* 
typ*o,  ooptooo,  »>p»— to ,  eU  ku 
uh  IoAoO  A  Aoot  rtpt  lop  Ol  lb*  «0llef00 
404  «t  tbo  rooolto,  OPtb  oo.  t  OfbeAPlod 
toot  tonvtootuo,  lot  lure  otflytu,  port 
4  Vo  pop  It  boo,  rt. . 
loo  no  support 


Oe»*rtpt  i'H»  4i»4  crltotio 

rOlUmt  DATA  SUHNAOY 
Hi  it  to  o  ouppot  t»ot  Km  ot  failures  bv 
I V pro  i  OOpttMM,  oopoo4*t#,  «l«  .  Ibto 
i«m.U4»o  o  4**i r  k|»t  Uh«  u|  the  Uilunro 
tnt  ol  tb*  r*0t*>t«,  Ouib  44,  an0rbo4ul*4 
t»ot  IrrbMUwt,  |4ilu«i>  oitlntt, 
poll.  Ouputti  t«p.  on,  , 

loouc  OkOPWIV.  4^ 

rAIUMI  PAiA  dUtptAPY 

Ibto  to  4  OOMPMt  I44t  I,vn  *1  lot  luiro  bv 

typoo,  *wp two.  MtMmr,  .  t«  Ibto 
Inotiutoo  4  do«rnptt»n  ,.f  tbo  tolturoo 
i*4  t  •  the  tvoolia,  *uih  oo,  «mo*b«4til*4 
tool  '■  **oimi t*n,  fotUv*  ontlyoio, 
port  4 top* *4 tt ii>n,  ot*  . 
loo**  iNNpry. 

pa.u'm  mu  *tn*tfv 
Ik  1 4  10  4  44PM04  l#Ot  tM  u|  tat  lutes  *»¥ 
lypoo.  rofiiwt,  irtuwKt,  fit .  fhl* 
tpi  Iu4r«  4  4ea«  lift  to*  -»•(  tb*'  tOkUioo 

««4  *»l  if**  rtowUo.  «u*b  oo,  tmotboJ.  l#4 
root  inotHiiloh,  loilur*  thtiitli,  port 
Atspuot *•«.  *t»  ■ 

PAIUfM  PAPA  AMbtAAV 

Ibto  14  *  itpoifwnlkNi  uf  tottwroo  b* 
typo*,  vnpltwo.  iryW* * .  ot* .  Ikia 
lit*  lukloo  *  4«o*itpt«**n  t  i bo  toilwroo 
otoO  of  tbo  i oo*.  It  •  i  f*r»b  *4,  u**%,  h*4*.  lo  t 
tool  t of ptnai  i*  • ,  totlirto  o«v.lv«tt,  port 
Atopmtt nut,  M*  . 
loop*  sowar  y 

PAlUMf  MU  HbfUMT 
kU  to  o  aupppt  toot  r  «r»  *>t  fott«u*o  by 
typos,  mpiM**,  »ob*^*-r,  *»>  .  Ibto 
tmtoAvo  o  Art'ikfU-B  mi  tw  to  *  tut  oo  am! 
of  tM  results,  *****  «*  wmboUuioP  toot 
intiiuitu*,  tot  tun  «iypto,  poi* 

Aiffpptt ton,  Otv 
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OvarvttMt.m  and  utiwii 
FA  I  U)W  DATA  SUIflART 

IVti  U  •  *«■■»»  MMlU'u  «’l  |ml  Mi  fcv 

lyprtt,  MltMM,  MVtWm • ,  ll<  -t.18 

iat,u.|«*  a  «i*4t  I  i|M  tun  o  i  tli<r  |*  i  Jui  «-• 

*n4  of  th»  wwlti,  tu»*.  a*.  u«a-  b*4uU J 
t*ll  IrOtMItuiit  llUw*  AMiifili, 
put  4la|»»»t'  n«4,  rU  . 

I*m»  V  ■ 

FAItiHS  BaU  >MMNU 

TV  la  i»  «  ta— »»  i  ■  *C  >■  n  .’f  U>  '•»»•  bv 
lypva,  >s*4,  ■>*<»*•'**.  -*%.  IV »* 
iaciu4*t  *  V»er»vl».  «  Iba 
4*4  t  l  lb*  >  1 1  ,  tu>  h  •*,  ta.i 

tilt  'atlnfr  an*  i  ft  la. 

f*»t  414*08  >  t  »•  »t.  r«.  . 

(••MV  |iMII  , 

FAUVH  UAIA  SWM1 
Ibl*  U  t  •  ■mmi  '  »at  urn  ni  tali'.  .>4  ►> 
IjrtWfc,  *Ug>  •*#.  MMlwAt  *  .  Mi  .  *14 

UN  1»mU»  4  4*4*  *»fl  tun  i.l  II.  Mil. try* 

M»d  nl  lh»  i  «tu  lit  ,  lull  >• ,  uft4tl,»4.  !*»«) 

•  8*i  t*l«lM<|»Mi,  1 4  l  luf  i  1441*18  .  ,  4i  I 
Mt  . 
luMMI  v 

FAUJftt  MF*  tVMNMT 

lb  la  la  «  u4i  |.-w  -l  iatlu>'«  ♦>» 

in**.  •■«* !>**,  •»**«»•••*.  «it  nut 
l*%  ltt4ta  a  -Wtil  <**  l»**i  ib*  ;ali>%Ma 
Ml  *'l  l*»  IMtill*.  •*,  MM*  lit  Ma.l 

tnl  IWfelMlll<4.  1 4 1 1>*| #  4n4i>4  »,  ‘4* * 

4I4*M4  »« l -W.  M»  , 

UWK  •  -*■4*** 

lAIUNM  MU  HUHIM* 

1kt»  *4  «  *«wimIIiw  of  i«i  -ira  **% 
t»**a,  *-n*  *««.*,  **4«*tcr,  *».  .  IV  la 
I  Hi  !i*4*a  4  <*•>  f  ifl  i»«  4-1  iKa  la.  .tf  at  4<i,’ 
«l  CM  ■•8wll4,  !«ab  M  *«*••  b*4u1*4  (»•- 
l4<«|<Ml4t<*||  |4  >WI*  444l-.au  (Mil 
U*M(  4 !• 


MffiHlon  mU  CiiltlU 

Km«  DATA  MSMUn 

t#  la  «  aMMarittft  l.*  t>|  lallufti 
M  «»*••.  ityMRi,  air.  IV u 

i«cl«4aa  •  MtrirUet  *4  tb*  Ullurn 
a»a<  ul  id*  Mlalu.  la*  N,  <MKli«4»lt4 
Mat  UinImiIm,  lai  tuia  n«i|«la, 

RAVI  lunaillit!  rl«. 
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mum  da£*  *mm t 
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atw  <•!  lb*  *•*«*>(•.  t«4T*  4*.  una.  K*4w l»a 
(«»'  IfiniMI  Uhi,  Ulltrt  -mlvtu,  **lt 
4iai»-‘4ii  tm,  •** . 

U«U- 

FAIM»>  DAT*  MNIIf 
IV ta  |*  •  MMafttalM*  nl  f«|i«r*a  b» 
tv***,  4n* *!»#*,  i*TH«r,  *n.  3u 
I4ci*i»«  «  4*4*  U*t  I***  **l  lb*  1*1  lilt* 

«n4  »l  |b*  ramie*.  »■«*  *4 ,  ni»iS*4*la4 
i M*  uratnif Ian,  uiltit  *4« | mm,  **n 
IlMMICMt  *ll*. 

U*M4  I  iMMiy 

1*1  UMA  a*|A  *m**\ 

IV «a  ta  4  MM*IMI*«itl  lll!«4  V* 
tyfvt,  *i*n*#a,  i*|awr»,  *l«  IVla 
i„.  twi»*  •  4*4%  1 **4 1 mi  *1  %b*  lail’tt • 

44-1  (V*  Mtnllt,  *»nb  a*t  M#I VMwIM 
laa*  I|NIMII<«,  MiImF*  444 1  Mia. 

M*C  IMRUHIM,  *1* 

M  l UP*  MM  UftMAV 
IVu  u  4  MMiiitii"*  *i  iail**fta  V* 
t  *4*a ,  *4  lw* .  m****.  tl-  Mia 
km  lab*  a  4**.  •  !>*“*•  **•  lb*  MUat# 

4«. I  tb*  i  Will,  a***  4a.  M»<b*4al*4 
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PHI  4I4RMMIM.  »<(. 
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F4ILMM  MM  MMlIf 
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Im  I «.i*4  a  toMiipii  *  *1  lb*  Mi  lata 
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Pratt  a  Whitney  Aircraft 

PWA  FP  66-100 

t  Volume  V 

2.04^  QUALITY  ASSURANCE 

Th4  Quality  Assurance  program,  described  in  detail  in  Volume  IV, 

Report  F,  Section  III,  defines  the  Quality  Assurance  organizational 
responsibilities  and  accomplishments  to  assure  that  all  quality  require¬ 
ments  are  incorporated  in  the  engine  from  initial  design  through  final 
test.  The  necessary  documents  to  establish  the  requirements  and  guarantee 
compliance  are  a  part  of  the  program. 

Quality  Assurance  is  closely  associated  with  scheduling  of  individual 
parts,  assemblies,  and  completed  engines.  The  time  phased  requirements 
will  be  Quality  Assurance  Data  Sheets  (QADS),  Inspection  Methods  Sheets 
(IMS),  Engine  History  Record  Sheets  (EHRS)  and  special  inspection  tooling. 

The  time  schedule  for  each  part  and  assembly  varies  throughout  the  engine 
build  cycle  and  therefore  no  single  time  phased  requirement  is  possible. 

The  major  milestones,  network  chart  and  event  dictionary  for  quality 
assurance  are  shown  in  figures  5  and  6,  respectively.  Test  planning 
and  integration  of  quality  assurance  is  presented  in  Test,  Volume  IV, 

Report  E. 
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Drier  Ipt  Ion  and  Cytteile 
CtMPUIt  TUBE  INI  QADS 

Gaplrir  the  ptepat  at  i  ml  of  Quality  Aeeuraiue 
Data  Sherta  lit  JTTi>  tmblne  par(».  laaue 
the  Q.U)S. 

COMPLETE  Tl’PSlNI  IMS 

Complete  (hr  present  Ion  -it  Impact  ton  Method* 
Shrat a  f*i|  JTTJ?  turbine  part*  laaue  the  IKS 

COM  Pi  Jill  TURBINE  S1ECIAI.  CAGES 

Complete  (hr  apei  let  gagea  requited  lor  InapeclU 
of  JTFI7  lutbine  part*. 

COMPI-CTI  FAN  AM)  CONFERS  SOI  if* 

Complete  tht  preparation  ol  Imped  Ion  Nethoda 
Slifft ■  fur  JTT17  Ian  end  c .mpreaaur  pat '.I. 


r.  vent  Number 


i pi  ton  I 


!  Cruet  li 


Event  Itusher 


In 


f  IKS 


COMPLETE  SPECIAL  GAGES  Ft*  FAN  AND  COMPRESSOR 
Complete  I lia-  imi  la.  ».*a»i  lequltel  Ini  Impel  l 
nf  I1FI)  (an  and  i  npteatiii  paita.  All  »pet tal 
gagea  available  loi  new. 


CL'KFUCIF.  QADS  FOE  OTHER  PARIS 
Ci  tap  let  r  the  preparation  ol  Quality  Aaauiante 
data  Slier  I  a  for  ntnrl  JTF17  engine  parta  t» 
required.  laaur  thr  QAOS  . 

COMPLETE  IKS  POE  OTHEE  PARTS 
Complete  the  ptepaiat  Ion  ni  Inapei  t  ton  Nethoda 
Sherta  lor  other  JTP17  engine  parta  aa  required, 
taaue  thr  1  PCS  - 

COMPLETE  SPECIAL  (JACES  WE  OTHER  PABTS 
Complete  the  iperlal  MR>'*  required  (or  Inepet1.  ton 
•if  other  ;Tfl  7  engine  parta  sa  required.  All 
apeital  gagea  available  (nr  uae. 

CIMPUTI  EKES  FOE  RNCWS 

Complete  the  preparation  ol  Engine  Htatciy 
Rriord  Sheet i  lor  the  JIT) 7  engine*  laaue  the 
EKES. 

UPDATE  u  LIU  ASSURANCE  Pt OCEAN 
Hake  thr  eceaaaiy  revlalon*  to  update  the 
Quality  Aaauiante  program  to  ahow  ao  ompl  lahmenta . 
Submit  the  revtaad  program. 


Deai  r  Ipt  Ion  and  Crlttrla 

UPDATE  QUALITY  ASSUEANCE  PROGRAM 
Hake  the  nriceaary  levlalona  to  update  the 
Quality  Aaaurame  program  to  ahow  a.<ompll»h* 
me  lit  >  submit  the  Itvllrd  program. 

UPDATE  QUALITY  ASSURANCE  PROGRAM 
Hake  thr  nrieaaaiy  rev te lone  to  update  the 
Quality  Aaaurame  program  to  ahow  inompllah* 
went  a.  Submit  the  reviarJ  pm|rma. 

UPDATE  QUALITY  ASSURANCE  PEOORAM 
Hake  the  nereaiarv  revlatuna  to  update  the 
(Aiality  Aaiuramr  prog  tarn  to  ehm  accompllah- 
menta.  Submit  the  revtied  program. 

Ct'NTINUR  INSPECTION  OF  DEVEUIPWNr  ENGINE  PARTS 
Continue  the  Imped  ton  ot  engine  part*  required 
lot  the  JTP17  engine  duvelnpment  program. 

Phaae  111  go»ahaad  received  from  FAA. 

COMPLETE  INSPECTION  OF  FIRST  DtVEU'PMtNT  ENGINE 
PARTS 

Complete  tn#  impact  Urn  ol  all  parta  required 
for  the  iliat  development  engine.  Deliver 
parta  to  iraraa  or  aaaambly. 


commit  inspection  or  pjtoroim 

SPAMS  AND  OVERHAUL  PARIS 


UWPUTX 

INSPECTION 
OF  1ST 

prototype 

ENGINE  PARTS 


CON  PUTS 
inspection 
OF  LAST 
PROTOTYPE 
ENGINE  FARTS 


icidlpltnn  and  iMtrrlt 


ASSURANCE  PR  OCR  AN 
i.UV  frvlal.na  to  pdat  r  tli# 
in'  ptoRdB  <»  ahuv  * .  i  map  l  U)i  ■ 
llir  rrviarJ  pi  opr  aw. 

ASSURANCE  PROGRAM 
•at v  irviatii’t  t*>  update  ttir 
lit  prom  a*  to  •  huw  an  n»R»l  lali  • 
tli#  irviacd  prop  ran 

;  ritw  of  oRVtiJ'PHRur  'jihuihi  parts 
iap*i  I  l ill)  i'll* 111#  pm  II  irqultri 
mRlnr  ilavr  !  i'piH*iil  pmiii  a 


mpi>i  Ill'll  i'l  all  patta  i  rqu 1 1  nl 
.lev#  lopwrnt  rnRlnr  Drllvn 

a  ki  aaarably 


COMPUTE  INaH'i.iloh  ok  GROUND  TEST  EMI  IKS  PART' 
Cuapli'lp  tin-  inipnttiHi  ol  ail  paid  trqiiiiril 
l  -r  the  laat  *n'  rnplnr.  **>■*  'vr?  paid 

ti<  llulll  nl  aaaeahl «  . 

liMPUTE  INSPECTION  OF  TAXI  TEST  ENG  INC  PARTS 
Coaplrtr  thr  l •» pri  t  ion  all  pud  requited 

I.'#  t hr  lait  (ail  On  rnRlnr.  Drllvn  paid 


COMPLETE  INSPECTION  OF  FIRST  PROTOTYPE  ENGINE 
PARTS 

Complete  f  lu-  tnapntlon  nf  all  paid  lequiied 
li»r  Ihe  llial  pi  ill  nl  ypr  rnRlnr.  Drllvn  paid 
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2.05  VALUE  ENGINEERING 

The  Value  Engineering  Program  provides  function-to-cost  evaluation 
of  all  aspects  of  the  supersonic  transport  engine  program  and  is  described 
in  detail  in  Volume  IV,  Report.  F,  Section  IV.  This  program  provides  the 
following : 

1.  A  value  engineering  director,  who  controls  the  integrated 
value  engineering  activities  and  functions. 

2.  An  organization  in  key  departments  that  utilizes  function- 
oriented  methods,  procedures,  equipmei  t  and  personnel  in 

a  systematic  effort  to  optimize  or  reduce  cost. 

3.  A  review  of  subcontractor  drawings  and  specifications  to 
ensure  integration  within  the  program. 

4.  A  training  program  to  indoctrinate  personnel  in  value 
engineering. 

5.  A  formal  reporting  system  for  documenting  savings  attributed 
to  the  Supersonic  Transport  Program  and  assessing  progress 
toward  target  costs. 

The  functional  approach  applies  to  every  department  involved  in  the 
JTF17  program  and,  when  integrated,  provides  maximum  value  from  each 
program  dollar. 

The  major  milestones,  network  chart  and  event  dirt-ionarv  for  value 
engineering  are  shown  in  figures  7  and  8,  respectively.  Test  planning 
and  integration  of  value  engineering  is  presented  in  Test,  Volume  IV, 

Report  E. 
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2.06  CONFIGURATION  MANAGEMENT 

Configuration  Management  is  the  system  which  controls  the  end-item 
configuration  and  provides  engine  and  component  part  identification, 
engineering  change  control  procedures  and  component  and  engine  assembly 
accountability  for  the  JTF17  and  all  Pratt  &  Whitney  Aircraft  commercial 
production  engines.  This  system  is  described  in  detail  in  the  Configura¬ 
tion  Management  Plan,  Volume  V,  Report  C. 

The  Engineering  Change  and  change  control  procedure  is  the  heart  of 
this  system.  All  changes  to  the  engine  model  specification,  engine  and 
components  assembly  parts  list,  and  assignment  of  part  and  serial  numbers 
are  implemented  only  by  approved  Engineering  Changes.  The  system  is 
applied  throughout  the  program  from  the  initial  design  layout,  through 
detailed  design,  development,  production,  follow-on  development,  and 
service  life  of  the  engine. 

To  assure  complete  compatibility  between  the  engine  and  the  airframe 
manufacturer  the  close  liaison  developed  in  Phase  II-C  will  be  continued. 

This  starts  with  the  preparation  of  the  engine  model  specification  and 
engine  definition  and  implementation  of  the  established  working  procedures 
with  the  airframe  manufacturer.  The  baseline  control  for  this  coordina¬ 
tion  will  be  the  engine  Model  and  Performance  Specification,  including 
the  Installation  Drawings.  The  instruments  for  providing  this  coordina¬ 
tion  are  Field  Survey  layouts,  correspondence  and  the  Engineering  Change 
control  procedures.  Engine  mock-ups  will  be  manufactured  for  engineering 
design  and  airframe  manufacturer  coordination  requirements.  The  latter 
will  also  serve  as  a  fixture  to  confirm  final  nacelle  installation  com¬ 
patibility. 

The  major  milestones,  network  chart  and  event  dictionary  for  config¬ 
uration  management  are  shown  in  figures  9  and  10,  respectively.  Test 
planning  and  integration  of  configuration  management  is  presented  in 
Test,  Volume  IV,  Report  E. 


Figure  10.  2.06  Configuration  Management 
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2 . 07  SAFETY 

The  JTF17  engine  Safety  Plan  presents  Pratt  &  Whitney  Aircraft's 
approach  to  assuring  engine  safety,  and  includes  an  Operational  Safety 
Analysis  of  the  engine  installation.  The  safety  plan  establishes  safety 
considerations  during  engine  design  and  development  in  order  to  assure 
maximum  safety  during  air  frame /engine  integration  and  operation  of  the 
Supersonic  Transport.  Details  of  this  plan  are  described  in  Volume  IV, 

Report  C. 

The  primary  objective  of  the  Engine  Safety  Plan  is  the  assurance  of 
maximum  safety  consistent  with  other  engineering  parameters  throughout 
the  design,  development,  production,  and  service  phases  of  the  engine 
development  program. 

The  philosophy  used  to  ensure  engine  safety  is  to  design  safety  into 
the  engine  so  that  operational  hazards  are  at  an  absolute  minimum.  The 
safety  program  will  require  the  preparation  of  Failure  Mode  and  Effects 
Analyses  (FMEA)  which  are  an  outgrowth  of  the  Reliability  Failure  Mode 
and  Effects  Analyses,  periodic  design  reviews  for  safety  and  trade-off 
studies  against  weight,  performance,  human  engineering  and  reliability. 

This  program  also  requires  constant  surveillance  of  the  installed  system 
to  assure  that  safety  aspects  have  been  coordinated  with  the  airframe 
manufacturer. 

FAILURE  MODE  AND  EFFECT  ANALYSES 

Hazardous  failure  modes  and  their  effects  will  be  identified,  evaluated, 
and  classified  for  all  engine  subassemblies.  The  design  criteria  will  be 
reviewed  and  redesign  will  be  accomplished  to  eliminate  any  failure  mode 
classified  as  catastrophic.  This  effort  will  utilize  data  developed  in 
conjunction  with  the  Reliability  Program. 

All  critical  or  catastrophic  hazardous  effects  identified  by  this 
analysis  will  be  corrected  or  reduced  to  a  lower  classification  and 
reported  in  semi-annual  reports. 

DESIGN  REVIEWS 

The  detailed  subassembly  and  assembly  design  layouts  will  be  reviewed 
from  the  overall  engine  safety  point  of  view  and  reported.  These  design 
reviews  will  assure  that  the  design  criteria  have  been  incorporated  and 
that  design  weaknesses  will  be  identified.  Service  information  from 
current  engines  will  be  used  to  pinpoint  the  particular  areas  that  have 
caused  safety  problems  in  the  past.  Particular  attention  will  then  be 
brought  to  bear  on  those  areas  to  assure  that  design  experience  and 
improvesMnts  will  be  Incorporated  to  reduce  the  probability  of  the 
occurrence  of  similar  incidents.  Any  safety  hazard  uncovered  by  these 
reviews  will  immediately  be  brought  to  the  attention  of  the  Program 
Safety  Engineer,  the  Project  Engineers,  the  Chief  Design  Engineer,  and 
the  pertinent  designers.  Followup  by  the  Program  Safety  Engineer  will 
continue  until  the  identified  hazard  is  resolved. 


VH-119 


Pratt  &  Whitney  Aircraft 

PWA  FP  66-100 
Volume  V 

Trade-off  studies  will  be  made  throughout  the  program  to  determine 
the  effect  of  safety  considerations  on  reliability,  weight  performance 
and  maintainability.  These  trade-off  studies  will  be  documented,  summar¬ 
ized  and  reports  submitted  during  the  program. 

The  major  milestones,  network  chart  and  event  dictionary  for  the 
safety  program  are  shown  in  figures  11  and  12,  respectively.  Test  plan¬ 
ning  and  integration  of  safety  is  presented  in  Test,  Volume  IV,  Report  E. 
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2.08  TEST  PLANNING  AND  INTEGRATION 

Careful  integration  of  the  engine  and  component  test  programs  is  pro¬ 
vided  to  assure  that  the  JTF17  engine  development  program  will  proceed  in 
the  most  expeditious  manner  to  achieve  tne  required  engine  performance  and 
maturity. 

The  Project  Group  directs  the  test  integration  program.  Experimental 
engineers  from  this  group  define  each  test  to  be  conducted,  determine  the 
instrumentation  required  and  its  accuracy,  and  personally  direct  each  test. 
Integration  of  test  results  is  a  continuous  process  through  the  interrela¬ 
tion  of  Assistant  Project  Engineers  and  Project  Engineers  within  the  Project 
Group,  each  upward  level  of  technical  direction  having  a  wider  sphere  of 
responsibility  over  the  detail  parts,  components,  subassemblies,  and 
assemblies  which  in  total  make  up  the  engine. 

The  test  integration  process  begins  with  the  release  of  an  initial  de¬ 
sign  to  Manufacturing  by  means  of  an  Experimental  Release  from  Design  by 
Project  Engineering.  Following  the  completion  of  manufacturing,  the  parts 
are  delivered  to  Assembly  by  means  of  parts  requisitions,  and  the  assembly 
instructions  are  provided  by  experimental  engineer's  memoranda.  The  assembled 
engine  or  components  are  delivered  to  test  together  with  instructions  for 
installation  on  the  test  stand,  including  instrumentation  requirements. 
Specific  test  instructions  and  test  programs  are  provided  by  experimental 
engineer's  memoranda. 

All  engine  and  component  testing  requires  data  recording  with  most 
engine  and  major  component  tests  utilizing  automatic  data  acquisition. 
Automatic  data  printout  sheets  and  test  stand  log  sheets  are  transmitted 
to  the  Performance  Group  for  performance  analysis.  The  results  of  the 
performance  analysis  are  presented  to  Project  Engineering  for  use  in  con¬ 
tinued  program  planning.  Minor  component  test  data  may  bypass  this  portion 
of  the  flowpath  with  the  test  data  transmitted  directly  to  Project  Engineer¬ 
ing.  These  data  are  analyzed  by  the  Project  Group  to  determine  if  per¬ 
formance  or  mechanical  deficiencies  exist.  If  a  deficiency  exists,  a  com¬ 
prehensive  failure  analysis  is  conducted  to  determine  corrective  action. 

This  analysis  is  conducted  by  members  of  the  Project  Group,  Performance, 
Reliability  and  Safety,  Design,  and  Materials  Laboratory.  Corrective 
action  for  the  deficiency  is  then  coordinated  by  Project  Engineering  with 
Design,  and  design  changes  are  requested  by  memoranda.  When  completed, 
these  changes  are  approved  by  Project  Engineering  prior  to  release  for 
experimental  parts  manufacture. 

Statistical  methods  will  be  applied  during  the  pretest  planning  to 
assist  in  the  test  integration.  Component  and  engine  test  programs  are 
devised  to  obtain  the  maximum  relevant  information  from  each  test  by  (1) 
proper  design  of  experiments,  (2)  analysis  of  instrumentation  precision 
and  accuracy,  (3)  statistical  data  analysis,  and  (4)  the  measurement  of 
the  uncertainty  associated  with  the  estimates  and  conclusions  based  on 
experimental  data.  Statistical  methods  will  also  be  used  in  optimizing 
computer  data  reduction  programs,  determining  instrumentation  requirements 
and  calibration  methods,  and  in  the  analysis  of  reliability  data. 
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The  major  milestones  and  test  integration  chart  for  the  test  planning 
and  integration  program  are  shown  in  figure  13  and  figure  3  of  Volume  IV, 
Report  E. 

A  detailed  description  of  test  planning  and  integration  is  presented  in 
Test,  Volume  IV,  Report  E. 
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The  Data  Management  Plan  describes  the  program  which  Pratt  &  Whitney 
Aircraft  will  implement  to  generate,  collect,  store,  and  distribute  signifi¬ 
cant  technical,  financial,  and  managerial  data.  These  data  will  be  used  to 
facilitate  program  monitoring  and  decision  making,  promote  economy,  expedite 
coordination,  and  inform  the  FAA,  airframe  contractor,  and  the  airlines. 

Included  in  the  Data  Management  Plan,  Volume  V,  Report  D,  are  the  data 
management  group  organization  and  functional  responsibilities,  and  the 
Data  Requirement  Document,  which  describes  the  data  that  will  be  generated 
in  the  development  program.  Table  1  presents  a  Data  List  and  submission 
schedule. 
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Table  1.  Data  List 


Item 

Title 

Submittal 

Date 

Frequency 

1 

Progress  Report 

March  1967 

2  Months 

2 

Data  Management  Plan  Update 

May  1967 

6  Months 

3 

Data  Accession  List 

March  1967 

2  Months 

4 

Data  Requirements  Document  Update 

May  1967 

6  Months 

5 

Configuration  Management  Plan  Update 

July  1967 

6  Months 

6 

Model  and  Performance  Specifications 
Preliminary 

Firm 

July  1967  6  Months 

Prior  to  Phase  III  Completion 

7 

Engineering  Change  Proposal 

As  required 

8 

Configuration  Inspection  and 

Review  Plan 

July  1967 

6  Months 

9 

Cost  Status  Report 

February  1967 

Monthly 

10 

Schedule  Status  Report 

February  1967 

Monthly 

11 

Detail  Work  Plan  Update 

February  1967 

Update  as 
required 

12 

Cost  Baseline  Report 

September  1967 

Annual 

13 

Cost  Control  System  Update 

February  1967 

Update  as 
required 

14 

Schedule  Control  System  Update 

February  1967 

Update  as 
required 

15 

Control  Room  Data 

As  required 

16 

Subcontract  Plan  Update 

April  1967 

Update  as 

required 

17 

Value  Engineering  Program  Update 

June  1967 

6  Months 

18 

Annual  Report 

January  1968 

Annual 

19 

Pinal  Report 

Phase  III  Conclusion 

20 

Data  Central  Pile 

March  1967 

2  Months 

21 

Maintainability  Program  Update 

August  1967 

6  Months 

22 

Airline  Maintenance  Plan 

December  1969 

23 

Systems  Safety  Plan  Update 

June  1967 

6  Months 

24 

Product  Support  Program  Including 
Training  and  Training  Equipment 
Program  Update 

July  1967 

6  Months 

25 

Reliability  Program  Update 

July  1967 

6  Months 

26 

Quality  Assurance  Program  Update 

August  1967 

6  Months 
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Table  1.  Data  List  (Continued) 


Item 

27 

Title 

Integrated  Test  Program  Update 

Submittal 

Date 

August  1967 

Frequency 

Monthly 

28 

Facilities  Plan  Update 

July  1967 

As  required 

29 

Master  Program  Plan  Update 

June  1967 

6  Months 

30 

High  Risk  Area  Report 

February  1967 

2  Months 

31 

Human  Engineering  Program  Update 

June  1967 

6  Months 

32 

Follow-on  Proposal 

Prior  to  Phase 

III  Completion 

33 

Flash  Failure  Report 

As  generated 

34 

Subcontractor  Acceptance/Qualifica¬ 
tion  Test  Report 

As  generated 

35 

Engine  FTS  Test  Plan 

6  months  prior 
of  test 

to  start 

36 

Final  FTS  Test  Report 

30  days  after  completion 

37 

Final  Report  of  Inlet/Engine 
Compatibility  Testing 

90  days  after  completion 

38 

Final  Report  of  Government 

Facility  Testing 

30  days  after  receipt  of 
data  from  Government  Facility 

39 

Final  Report  of  100-Hour  Flight  Test 

30  days  after  i 

rompletion 

40 

Phases  III  and  IV  Detailed  Test  Plans 

July  1967 

6  Months 

41 

Engine  Status  and  Usage  Records 

February  1967 

Monthly 

42 

Failure  and  Analysis  Report 

As  generated 

43 

Engine  Installation  Manual 

July  1967 

6  Months 

44 

Engine  Flight  Test  Report 

As  generated 

45 

Manufacturing  Program  Update 

July  1967 

6  Months 
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2.10  PROGRAM  MANAGEMENT  AND  CONTROLS 


Pratt  &  Whitney  Aircraft  will  prepare  and  maintain  key  plans  to  imple¬ 
ment  the  management  and  controls  required  to  ensure  successful  and  timely 
completion  of  the  JTF17  engine  development  and  flight  test  programs.  The 
following  plans  are  included  in  the  total  management  effort  and  will  be 
used  to  promote  economy,  facilitate  decisions  and  program  monitoring, 
expedite  coordination  and  provide  information  to  the  FAA,  airframe  con¬ 
tractor  and  the  airlines: 


Plan 


Proposal  Location 


Cost  and  Schedule  Control  Plan 
Subcontract  Plan 
Master  Program  Plan 
Program  Review  Plan 
Detail  Work  Plan 


Volume  V, 
Volume  V, 
Volume  V, 
Volume  V, 
Volume  V, 


Report  F 
Report  E 
Report  A 
Report  A 
Report  H 
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2.11  FACILITIES  PLAN 

For  the  performance  of  the  Supersonic  Transport  Engine  Development 
Program  through  Phase  III,  Pratt  &  Whitney  Aircraft  will  make  available, 
if  required,  the  existing  supersonic  engine  development  facilities  at  the 
Florida  Research  and  Development  Center,  and  at  the  main  plant  in  Connec¬ 
ticut.  Additional  capital  facilities  required  for  the  performance  of 
Phase  III  of  the  engine  development  program  will  also  be  furnished  together 
with  the  additional  capital  facilities  required  for  the  manufacture  of 
ground  and  flight  test  engines.  The  use  of  Government  facilities  will  be 
required  during  the  development  program  for  engine-inlet  system  compati¬ 
bility  testing  and  engine  reverser-suppressor  performance  testing  described 
in  Volume  III,  Report  D,  Section  II,  and  Volume  III,  Report  E,  Section  III, 
respectively. 

The  following  modifications  or  additions  are  planned  for  the  JTF17 
engine  sea  level  and  altitude  test  stands,  component  test  stands,  and 
manufacturing  equipment  and  space: 

SEA  LEVEL  TEST  STANDS 

1.  Modify  test  stand  A-5  to  accommodate  the  JTF17  engine 

2.  Build  a  new  reverser  test  stand,  A-9 

3.  Modify  two  sea  level  engine  stands,  A-6  and  A-7,  for  proto¬ 
type  and  overhaul  engine  test 

4.  Install  additional  fuel  supply  tanks  and  fuel  distribution 
system,  extend  the  data  acquisition  system,  and  add  a  starter 
air  supply  system  to  the  sea  level  test  area. 

ALTITUDE  TEST  STANDS 

1.  Modify  high  Mach  number  test  stand  C-4  to  add  full  Mach 
number  range  and  airflow  capability 

2.  Build  an  additional  test  stand  C-6  with  full  Mach  number 
range  and  airflow  capability 

3.  Build  a  new  test  stand  C-7  with  the  capability  of  testing 
engine  full-scale  fan  and  high  compressors  using  heated 
inlet  air 

4.  Provide  increased  airflow  capacity  in  the  high  Mach  labora¬ 
tories  by  installing  additional  compressors,  exhausters, 
heaters,  air  scrubbers  and  the  related  drives,  ducting  and 

valves 

3.  Modify  test  stand  X-210  (Wlllgoos  Laboratory)  to  provide 
refrigeration  capabilities  for  low  temperature  operating 
conditions. 
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HEATED  INLET  TEST  STANDS 

1.  Build  a  new  test  stand,  C-8,  to  provide  rammed  heated  inlet 
and  altitude  exhaust  capability 

2.  Build  a  new  test  stand,  C-9,  to  provide  rammed  hea:ed  inlet 
and  altitude  exhaust  capability 

3.  Build  a  new  test  stand,  C-10,  to  provide  rammed  heated  inlet 
and  altitude  exhaust  capability. 

COMPONENT  TEST  STANDS 

1.  Modify  test  bench  D-7  to  provide  increased  air  supply,  air 
heater,  revised  drive  and  mounts 

2.  Modify  test  bench  D-10  to  provide  increased  air  supply 

3.  Modify  test  bench  D-ll  to  provide  increased  air,  fuel  and 

electrical  systems 

4.  Modify  test  bench  D-12  to  provide  increased  air,  fuel  and 
electrical  systems 

5.  Modify  test  bench  D-16  to  provide  increased  fuel  system 

6.  Modify  test  bench  D-18  to  provide  increased  air,  fuel,  drive 

and  electrical  systems 

7.  Modify  test  bench  D-24  to  provide  increased  air  and  drive 
capabilities 

8.  Modify  test  benches  for  ignition  systems  to  provide  in¬ 
creased  electrical  and  temperature  capabilities 

9.  Build  two  new  electronic  fuel  control  test  benches 

10.  Build  new  fuel  control,  hydraulic  pump  and  fuel  nozzle  flow 
benches  for  prototype  and  overhaul  program. 

MANUFACTURING 

1.  The  necessary  manufacturing  and  inspection  tools  and  equip¬ 
ment  will  be  provided 

2.  An  additional  96,000  square  feet  of  floor  space  will  be 
constructed. 

The  major  milestones,  network  charts  and  event  dictionaries  for  the 
facilities  are  shown  in  figures  14  and  15,  respectively. 

A  complete  and  detailed  Facilities  Plan  is  presented  in  Volume  V, 
Report  B.  Test  planning  and  integration  of  facilities  is  presented  in 
Test,  Volume  IV,  Report  E. 
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Figure  15.  2.11  Facilities  Plan  (Sheet  1  of  8) 
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2.12  COST  ANALYSES 

Pratt  £.  Whitney  Aircraft  will  provide  the  following  cost  functions  to 
support  the  JTF17  engine  program  cost  requirements  during  Phase  III: 

Cost  Baseline  Report  (Reif'ence  Volume  VI) 

A  report  will  be  prepared  and  submitted  annually  on  15  September 
for  the  updated  Phase  IV  and  Phase  V  Cost  Baseline  Estimate. 

This  report  will  be  presented  in  accordance  with  Formats  A,  B, 

C  and  D  for  Phase  IV  and  Formats  A,  B,  C,  D  and  G  for  Phase  V. 

Report  of  Funding  Requirements 

An  estimate  will  be  prepared  annually  on  15  September  in  accordance 
with  Article  XVIII  of  the  Contract  indicating  the  maximum  allowable 
costs  expected  to  be  incurred  in  the  following  fiscal  year. 

A  complete  description  of  cost  analyses  is  presented  in  Costs,  Volume  VI , 
of  this  proposal . 
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The  Contractor  shall  submit  definitive  proposals  for  subsequent  phases 
as  required.  The  Contractor  shall  also  prepare  and  submit  a  firm,  detailed 
production  engine  specification  including  appropriate  performance  warranties. 
This  specification  shall  include  the  then-current  "production  design  objec¬ 
tives,"  defined  in  Article  XV  and  the  preliminary  model  specification  refer¬ 
enced  in  Exhibit  A,  as  such  objectives  may  have  been  changed  in  accordance 
with  Article  XVI  of  this  contract.  Together  with  this  specification,  the 
Contractor  shall  submit  a  detailed  statement  of  such  additional  warranties 
and  guarantees  as  the  Contractor  may  then  be  willing  to  make. 
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SECTION  III 

DELIVERY  AND  PRODUCT  SUPPORT 
3.01  GROUND,  TAXI,  AND  FLIGHT  TEST  ENGINES 

During  the  Phase  III  program  a  total  of  20  JTF17  engines  will  be  fab¬ 
ricated,  acceptance  tested,  and  delivered  to  the  airframe  contractor. 

The  first  four  engines  will  be  delivered  prior  to  completion  of  engine  FTS 
for  ground  test  use.  If  required,  four  additional  engines  will  be  delivered 
for  taxi  tests  in  the  aircraft  program,  and  it  is  planned  to  modify  these 
engines  to  the  FTS  configuration  for  use  during  the  100-hour  Flight  Test 
program.  All  schedules  and  charts  are  based  on  the  use  of  four  taxi  test 
engines  in  the  program. 

The  major  milestones,  network  chart  and  event  dictionary  for  the 
ground,  taxi,  and  flight  test  engine  program  are  shown  in  figures  1  and  2, 
respectively. 

A  detailed  description  of  the  ground,  taxi,  and  flight  test  engine  pro¬ 
gram  is  presented  in  the  Test  and  Certification  Plan,  Volume  III,  Report  E, 
and  test  planning  and  integration  is  presented  in  Test,  Volume  IV,  Report  E. 
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Figure  2. 
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Special  tools  will  be  designed,  procured,  inspected  and  assembled  in 
quantities  to  provide  the  capacity  to  meet  the  schedules  of  the  JTF1 7 
prototype  and  product  support  programs,  described  in  detail  in  the  Manu¬ 
facturing  Program,  Volume  V,  Report  G.  As  in  Phase  III  development,  the 
selection  of  the  degree  of  tooling  will  be  based  on  the  maximum  value  in 
trade-off  between  labor  costs  and  tooling  costs. 

The  majority  of  in-house  and  subcontractor  development  tooling  (70-80%) 
will  be  directly  usable  in  the  prototype  and  product  support  programs. 

This  can  be  done  since  the  development  tooling  will  be  gradually  updated 
and  modernized  as  design  changes  occur  during  the  development  phase. 

Maximum  versatility  will  have  been  designed  into  the  initial  development 
tooling  to  handle  the  overlapping  prototype,  product  support  and  continued 
development  needs.  This  policy  will  apply  to  the  new  tooling  necessary 
to  meet  prototype  schedules. 

Planning,  as  was  performed  during  the  development  phase,  will  continue 
during  the  prototype  program.  All  major  assemblies  and  subassemblies  will 
be  analyzed  during  the  layout  stage.  The  experience  gained  during  develop¬ 
ment  will  be  invaluable  not  only  to  Planning  and  Manufacturing,  but  also 
as  input  to  Design  relative  to  producibility ,  which  will  stabilize  the  engine 
design  and  expedite  final  planning  and  tool  design. 

Process  Engineering,  which  is  responsible  for  specifying  the  special 
tools  required  by  the  manufacturing  areas,  is  organized  into  groups  that 
parallel  the  manufacturing  areas  of  operation.  This  permits  specialized 
effort  and  maximum  application  of  experience.  Special  tools  will  be 
planned,  designed,  and  ordered  in  the  quantity  to  provide  capacity  to  meet 
manufacturing  schedules.  Tool  design  and  tool  build  will  be  scheduled  to 
ensure  that  tooling  will  be  available  as  required. 

Most  of  the  subcontractors  utilized  during  the  development  phase  will 
continue  manufacture  during  the  prototype  and  overhaul  phase.  In  some 
cases  additional  or  "hard"  tooling  must  be  added  to  supplement  existing 
tooling  for  manufacture  of  JTF17  prototype  and  overhaul  quantity  of  parts. 

The  major  milestones,  network  chart  and  event  dictionary  for  the 
prototype  tooling  ;  rogram  are  shown  in  figures  3  and  4,  respectively. 
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Performance  analysis  of  the  JTF17  ground,  taxi,  and  flight  test  engines 
during  Phase  III  will  include  reduction,  processing  and  analysis  of  over¬ 
all  engine  performance  data  with  respect  to  thrust,  specific  fuel  consump¬ 
tion,  augmentation,  efficiency  distortion,  cooling,  heat  rejection,  starting 
characteristics  and  windmilling  characteristics.  Analysis  and  evaluation 
of  inlet/engine/exhaust  system  compatibility  and  reverser  performance  are 
also  an  integral  part  of  this  effort.  The  performance  effort  also  includes 
analysis  and  evaluation  of  the  Acceptance  Test  data  on  new  prototype  and 
overhaul  engines  to  ensure  compliance  to  engine  specification  requirements. 

The  total  performance  analysis  effort  described  in  detail  for  develop¬ 
ment  engines  (Reference  Section  1.07  of  this  Detail  Work  Plan)  will  be 
applied  to  the  ground,  taxi,  and  flight  test  engines.  Test  planning  and 
integration  of  engine  performance  is  presented  in  Test,  Volume  IV, 

Report  E. 

The  major  milestones,  network  chart  and  event  dictionary  for  engine 
performance  are  shown  in  figures  5  and  6,  respectively. 
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3.04  ENGINE  MOCKUP 

During  Phase  III,  the  JTF17  engine  program  will  require  continued  modi¬ 
fication  of  the  Phase  II-C  engineering  mockups  and  engine  installation 
mockups  delivered  to  the  airframe  contractor.  New  mockups  will  be  designed, 
fabricated  and  assembled  to  meet  the  requirements  of  a  Class  III  installa¬ 
tion  design  engine  which  will  duplicate  overall  size,  contour,  external 
details  of  the  actual  engine  design  within  manufacturing  tolerances. 

Class  II  engine  installation  mockups  will  be  fabricated  and  assembled  for 
The  Boeing  Company's  requirements  only  to  provide  overall  size  and  contour, 
but  the  extent  of  completeness  and  the  tolerance  control  will  be  accom¬ 
plished  to  a  lesser  degree.  This  program  will  provide  the  airframe  manu¬ 
facturer  with  the  most  useful  and  complete  engine  installation  mockup  so 
that  a  full-scale,  three-dimensional  conception  of  the  engine  exterior 
configurations  is  obtained.  Practical  solutions  of  general  configuration 
details  covering  operational  suitability,  reliability,  safety,  accessi¬ 
bility,  and  maintainability  will  be  obtained  throughout  the  design  and 
development  of  the  engine  installation. 

The  design  and  construction  of  the  engineering  anu  installation  mockups 
will  conform  to  general  procedures  of  ANA  Bulletin  406-A,  including  identi¬ 
fication  of  pertinent  parts  and  sections  of  the  engine  and  color  coding 
of  components  and  accessories.  The  engine  mockups  will  be  constructed  of 
metal  and  fiberglass-reinforced  plastics  with  the  use  of  hardwood  limited 
to  Class  11  engine  mockups  only.  The  engine-airframe  interface  boundary 
will  be  highlighted  by  color  code  and  servicing  points. 

The  major  milestones,  network  chart  and  event  dictionary  for  the  engine 
mockup  program  are  shown  in  figures  7  and  8,  respectively. 

A  detailed  description  of  the  engine  mockup  program  is  presented  in 
the  Mockup  Plan,  Volume  III,  Report  D,  Section  I.  Test  planning  and  in¬ 
tegration  of  engine  mockup  is  presented  in  Test,  Volume  IV,  Report  E. 
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Selection  of  spare  parts  for  the  JTF17  engine  will  be  based  on  the  judgment 
and  experience  of  well-qualified  personnel  having  a  broad  background  of  know¬ 
ledge  in  the  areas  of  maintenance  and  overhaul  of  Pratt  &  Whitney  Aircraft 
engines  in  current  commercial  operation  and  in  total  support  of  the  J58  Mach  3 
engine.  The  spare  parts  effort  to  support  the  JTF17  engine  and  the  plan  for 
post  sales  spares  support  is  described  in  detail  in  Product  Support,  Volume  IV, 
Report  F,  Section  VI. 

Experience  gained  during  development  testing  of  the  JTF17  engine  will  be 
utilized  to  the  fullest  extent  in  establishing  quantitative  spares  require¬ 
ments.  All  parts  selected  as  spares  will  be  incorporated  into  a  computer- 
oriented  data  file  which  will  be  continuously  updated  to  reflect  the  effects 
of  Engineering  Change  activity. 

Approximately  60  days  prior  to  release  for  manufacture  of  the  prototype 
JTF17  engines,  a  spares  support  list  will  be  prepared  by  data  extraction 
methods  from  the  computer  storage  file.  In  the  extraction  process  a 
computation  of  ouantitative  requirements  for  JTF17  maintenance  and  overhaul 
support  will  be  made  and  the  resulting  product  will  be  identified  as  a 
Recommended  Spare  Parts  List.  This  list  will  be  released  after  review  for 
procurement  and  delivery  at  a  rate  commensurate  with  delivery  of  the  prototype 
engines.  Procurement  or  fabrication,  inspection  and  shipment  of  all  spares 
will  be  the  basic  responsibility  of  the  Delivery  Material  Control  Department 
together  with  all  ancillary  departments. 

A  facility  will  be  established  at  the  flight  test  site  for  the  purpose 
of  receiving,  warehousing  and  disbursing  maintenance  spares  and  to  handle 
the  return  of  repairable  items  to  the  FRDC  overhaul  facility  and/or  to  vendor 
overhaul  facilities.  Spare  parts  representatives  will  be  assigned  to  man 
this  activity  and  the  maintenance  spares  inventory  will  be  reviewed  and 
analyzed  daily  to  assure  that  it  will  adequately  support  the  flight  and 
ground  test  programs  at  the  maintenance  level.  Similarly,  the  FRDC  over¬ 
haul  and  vendor  overhaul  facilities  will  include  segregated  areas  to  re¬ 
ceive,  warehouse  and  disburse  all  parts  required  for  support  of  overhaul 
and  repair  jobs  performed  during  the  prototype  engine  program. 

A  computer-oriented  data  collection  and  storage  system  will  also  be 
used  to  summarize  all  pertinent  h is tory  relating  to  the  ordering,  shipment, 
usage  and  inventory  balances  and  values  on  all  parts  procured,  delivered 
or  on  order  for  support  of  the  prototype  engine  program.  Coincident  with 
this  information,  a  computer-oriented  Spare  Parts  Application  Data  List 
will  also  be  compiled  and  maintained,  which  will  reflect  the  engineering 
history  and  progression  of  all  spare  parts  applicable  to  the  JTF17  engine. 

Spare  parts  will  be  scheduled  to  be  available  at  the  ground,  flight 
test  and  overhaul  activities  one  month  prior  to  commencement  of  engine 
operation  at  each  location. 
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JTF17  engine  overhauls  required  during  the  ground  and  flight  test 
programs  will  be  accomplished  at  the  Florida  Research  and  Development 
Center.  The  overhaul  processes  of  disassembly,  inspection,  repair, 
updating,  assembly,  and  test  will  be  performed  by  the  Engine  Delivery 
Group. 

The  FRDC  overhaul  and  vendor  overhaul  facilities  will  include  segre¬ 
gated  areas  to  receive,  warehouse  and  disburse  all  parts  required  for  the 
support  of  engine  overhaul  during  the  prototype  engine  program.  By  con¬ 
ducting  overhauls  at  our  facility,  personnel  from  Project  Engineering, 

Design,  Reliability,  Maintainability,  Human  Engineering  and  other  affected 
groups  will  be  able  to  observe  engine  parts  condition  and  overhaul  practices 
and  initiate  corrective  Engineering  Change  action  and/or  procedural  changes 
where  required. 

Detailed  reports  of  engine  condition  and  spare  parts  usage  for  each 
overhaul  will  be  provided. 

Technical  direction,  including  extent  of  disassembly  and  repair, 
Engineering  Changes  to  be  incorporated,  testing  to  be  performed,  etc., 
will  be  provided,  as  well  as  continual  monitoring  of  engines  in  the  over¬ 
haul  process  to  avoid  delays  by  anticipating  and  expediting  parts  require¬ 
ments  . 

The  Overhaul  Manual  will  be  used  during  this  activity,  thereby  permitting 
an  evaluation  of  its  various  sections  throughout  Phases  III  and  IV  and 
ensuring  a  complete  and  detailed  manual  for  airline  operation.  In  like 
manner,  overhaul  tooling  will  be  continaully  reviewed  and  will  guide  the 
Service  Tools  and  Equipment  Group  in  its  final  designs  of  airline  overhaul 
equipment  requirements. 

The  schedule  for  overhauling  engines  during  the  ground  test  and  flight 
test  program  of  Phase  III  is  as  follows: 


Engine  No. 

Overhaul  Schedule 
Completion  Date 

1 

June 

1969 

2 

November 

1969 

3 

January 

1970 

4 

March 

1970 

5 

May 

1970 

6 

June 

1970 

7 

August 

1970 

The  major  milestones, 

network  chart  and  event  dictionary 

for  the 

engine  overhaul  program  are  shown  in  figures  9  and  10,  respectively. 

A  detailed  description  of  the  overhaul  program  is  presented  in  Product 
Support,  Volume  IV,  Report  F,  Section  VI. 
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3.07  ENGINE  TEST  AND  EVALUATION -FLIGHT 

The  operational  suitability  of  the  JTF17  engine-airframe  combination 
functioning  as  a  system  will  be  determined,  in  a  large  part,  by  the  100-hour 
Flight  Test  Program  in  Phase  III.  Pratt  &  Whitney  Aircraft  will  work  with 
the  airframe  manufacturer  to  conduct  a  flight  test  program  directed  at 
successful  demonstration  of  the  capability  of  the  SST  to  accomplish  the 
basic  domestic  and  international  missions. 

The  prime  objective  of  the  flight  test  program  is  to  demonstrate  the 
operational  suitability  of  the  SST  engine-airframe  combination.  The 
following  Phase  III  program  objectives  are  directed  toward  this  goal. 

« 

1.  Prepare,  implement  and  maintain  a  flight  test  program  in 
conjunction  with  the  airframe  contractor. 

2.  Demonstrate  suitability  of  the  prototype  JTF17  engine  for 
flight  test  by  successful  completion  of  the  FTS. 

3.  Deliver  the  twenty  ground,  taxi,  and  prototype  JTF17  engines. 

4.  Provide  adequate  engineering  and  product  support  coverage 

at  all  tr  l  sites  during  all  phases  of  the  flight  test  program. 

In  order  to  meet  these  objectives  the  following  programs  will  be 
accomplished: 

A  program  in  support  of  the  flight  test  program  will  be  conducted 
including  distortion  testing  of  the  fan  and  high  compressor  individual 
rigs,  full-scale  engine  distortion  testing  with  a  distortion  generator 
and  a  simulated  airframe  inlet,  engine-inlet  compatibility  testing  at 
AEDC  in  conjunction  with  the  airframe  contractor,  airframe  component  - 
engine  compatibility  testing,  and  the  delivery  of  the  twenty  ground, 
taxi,  and  flight  test  engines.  The  ground,  taxi,  and  flight  test  engines 
will  be  instrumented  and  calibrated  since  they  provide  the  data  for 
verification  of  the  engine-airframe  compatibility  and  suitability. 

The  ground  test  program  is  a  coordinated  effort  with  the  airframe 
contractor  and  will  include  uninstalled  ground  tests  and  installed  ground 
tests  to  determine  noise  characteristics,  starting  characteristics,  forward 
and  reverse  thrust  response,  performance,  vibratory  characteristics,  inlet 
distortion,  foreign  object  ingestion  susceptability,  and  maintenance 
demonstrations . 

The  flight  test  program  is  a  coordinated  effort  with  the  airframe 
contractor  and  will  include  performance,  windmill  test,  vibratory  character¬ 
istics,  inlet  distortion,  main  and  duct  heater  relights  and  fuel  control 
system  tests  at  steady  state  and  transient  conditions. 

Pratt  &  Whitney  Aircraft  will  provide  qualified  engineering  field 
service  and  technical  personnel  at  all  field  activities  in  ample  time  to 
ensure  coordination  with  the  airframe  contractor  and  completion  of  plans 
and  facilities  prior  to  ground  and  flight  test  operations.  Pratt  & 

Whitney  Aircraft  will  provide  field  service  representatives,  field  engineers, 
spare  parts  representatives,  technicians,  ground  support  equipment  and 
spare  parts  required  for  maintenance  and  operation  of  the  JTF17  engine 
throughout  the  flight  test  program. 
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The  major  milestones,  network  chart  and  event  dictionary  for  the 
engine  flight  test  program  are  shown  in  figures  11  and  12,  respectively. 

A  detailed  description  of  the  flight  test  program  is  presented  in  the 
Test  and  Certification  Plan,  Volume  III,  Report  E,  and  test  planning  and 
integration  is  presented  in  Test,  Volume  IV,  Report  E. 
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3.08  DATA  AND  HANDBOOKS 

All  publications  required  lor  the  operation,  maintenance,  overhaul  ami 
logistics  support  of  the  JTFi  7  engine  will  lie  published  and  distributed 
by  the  Service  Publications  Group  as  described  in  detail  in  Product  Support, 
Volume  IV,  Report  F,  Section  VI.  Revisions  to  reflect  changes  in  procedures 
or  configuration  will  be  issued  as  necessary  throughout  the  service  life  of 
the  engine. 


Engine  operation  and  maintenance  data  requirements  by  the  airframe 
manufacturer  for  inclusion  in  the  aircraft  maintenance  and  flight  operations 
manuals  will  be  provided  bv  Pratt  &  Whitney  Aircraft  in  scope  and  scheduled 
to  assist  the  airframe  manufacturer  in  meeting  the  program  requirements , 
Pratt  &  Whitney  Aircraft  will  also  review  and  provide  technical  comments  on 
engine  data  prepared  for  distribution  in  the  airframe  manufacturer's  manuals 

The  following  criteria  are  used  in  the  preparation  and  publication  of 
data  and  handbooks  for  the  JTF17  engine: 

1.  Format  -  Engine  Maintenance  and  Overhaul  Manuals,  Illustrated 
Parts  Catalogs,  and  Service  Bulletins  will  be  in  strict  com¬ 
pliance  with  ATA  Specification  No.  100. 

Installation  Handbooks,  Operating  Instructions,  Special  Tool 
Manuals  and  Facility  Planning  Manuals,  which  are  not  required 
by  ATA  Specification  No.  100,  will  be  presented  in  a  standard 
P&WA  format  that  has  been  used  successfully  in  past  and  current 
commercial  airline  engine  programs. 

2.  Accuracy  -  The  JTF17  publications  will  be  prepared  by  a  team 
of  experienced  technical  writers.  Each  publication  will  be 
reviewed  by  Product  Support  technical  specialists  and  by 
appropriate  Project  Engineering  personnel.  All  basic 
publications  and  revisions  will  be  validated  prior  to 
issuance . 

3.  Comprehension  and  Completeness  -  All  data  and  handbooks  will 
be  written  in  a  clear,  precise  manner  with  short,  direct 
sentences  and  paragraphs.  The  scope  and  purpose  of  each 
publication  will  be  stated  in  the  introduction;  detailed 
indexes  as  well  as  tables  of  contents  will  be  included. 
Illustrations,  charts,  graphs,  and  tables  will  be  employed 
to  minimize  the  need  for  complex  textual  explanations,  and 
abbreviations  or  complex  technical  terms  will  be  fully 
explained.  Cautions  and  warnings  will  be  included  in 
accordance  with  ATA  Specification  No.  100  requirements 

to  eliminate  the  possibility  of  hazard  to  personnel  or 
equipment . 

The  basic  publications  wiil  contain  all  available  data 
required  for  support  of  the  JTFI 7  engine. 
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4.  Schedules  -  Pratt  &  Whitney  Aircraft  will  provide  the  following 
publi  ations  to  support  the  JTF17  engine  ar.d  scheduled  to  be 
consistent  with  engine  deliveries  and  other  milestones  to 
ensure  timely  availability: 

Installation  Handbook  Available  1966 

Operating  Instructions  July  1968 

Scrvice/Overhaul  Manual  September  1968 

Engine  Maintenance  Manual  Apr:".  1969 

Illustrated  Parts  Catalog  Jury  1969 

Service  Bulletins  As  required 

General  -  Airframe  Data  As  required 

Facility  Planning  Manual  Phase  IV 

Engine  Overhaul  Manual  Phase  IV 

Accessory  Component  Overhaul  Manual  Phase  IV 
Engine  Special  Tool  Manual  Phase  IV 


All  publications  will  be  updated  every  90  days,  or  more  frequently 
if  required,  to  reflect  changes  in  engine  configuration,  operation,  test, 
maintenance,  etc. 
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3-09  TRAINING  AND  TRAINING  EQUIPMENT 
TRAINING 


The  Pratt:  &  Whitney  Aircraft  Service  School  has  been  conducting 
customer  training  courses  with  a  professional  instructor  staff  since 
its  founding  in  1935.  Turbojet  engine  training  for  approximately 
18,000  engineers  and  technicians  has  been  provided  by  the  staff  now 
numbering  25.  A  portion  of  this  training  has  covered  supersonic  engines, 
including  extensive  courses  on  the  J58  engine. 

The  necessity  for  proper  and  timely  training  of  customer  personnel 
to  ensure  the  level  of  knowledge  and  capability  necessary  for  engine 
operation,  maintenance  and  logistic  support  is  fully  recognized,  and 
courses  covering  all  support  phases  of  the  JTF17  engine  will  be  pre¬ 
sented.  This  training  plan  is  describe'1  ^n  detail  in  Product  Support, 
Volume  IV,  Report  F,  Section  VI. 

The  various  rypes  and  content  of  training  programs  and  starting  date., 
are  based  upon  our  past  experience,  knowledge  and  evaluation  of  the  JTF1 7 
and  the  schedules  for  SST  ground,  flight  test  and  airline  operation. 


All  courses  will  be  updated  as  required  to  reflect  changes  in  engine 
configuration  and  operation  and  will  be  repeated  as  necessary  to  satisfy 
customer  requirements  throughout  the  service  life  of  the  engine. 

The  courses  and  starting  dates  of  instruction  to  be  presented  to  the 
FAA,  airlines,  and  airframe  personnel  are  as  follows: 


Staff  Orientation 
Operation  and  Performance 
Operation  and  Test 
Organizational  Maintenance 
Expanded  Operation  and  Performance 
Heavy  Maintenance 
Overhaul 

Engine  Flight  Simulator  Training 


May  1 967 
July  1967 
June  1 y68 
July  1968 
Phase  IV 
Phase  IV 
Phase  IV 

To  be  coordinated 


Instructors  experienced  in  the  preparation  and  presentation  of  training 
courses  for  airline  operators  will  be  selected  for  the  JTF17  program. 


Tlie  insetuelor  staff  wili  be  assisted  in  the  technical  preparation  by 
personnel  from  the  Design,  Project  Engineering,  and  Product  Support 
organizations  to  ensure  accuracy  and  completeness  of  all  phases  of 
JTF17  support  training. 


TRAINING  EQUIPMENT 

The  Pratt  &  Whitney  Aircraft  Service  School  will  employ  modern  training 
equipment  and  training  aids  for  the  JTF17  engine  program,  described  in  detail 
in  Product  Support,  Volume  IV,  Report  F,  Section  VI,  as  dictated  by  the 
requirements  of  the  different  courses. 
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The  following  is  a  brief  description  of  the  equipment  which  wil 
be  used: 


Training  Texts 
Schematic  Diagrams 
VuGraph  Transparencies 
Movies  and/or  Video  Tapes 
Engine  Parts  and  Cutaways 
Operable  JTF17  Engine 
Engine  Test  Stand 
Engine  Tools  and  Fixtures 
Miscellaneous  Student  Equipment 
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J.IO  GROUND  SUPPORT  EQUIPMENT 

Specialized  equipment  required  for  the  maintenance,  overhaul  and  test 
of  the  JTF17  engine  will  he  designed,  verified  and  released  for  manufacture 
by  the  Service  Tools  and  Equipment  Group,  described  in  detail  in  Product 
Support,  Volume  IV,  Report  F,  Section  VI. 

Experienced  personnel  from  the  Tools  and  Equipment  Group,  Design, 

Project,  Maintainability  and  Service  Engineering  have  conducted  an 
extensive  atuuy  of  the  JTF17  engine  and  of  current  airline  practices  in 
establishing  the  GSE  concept  which  will  be  utilized  in  SST  operation. 

The  modular  design  and  other  maintainability  features  of  Lhe  JTF1 7 
engine  described  in  the  Maintainability  Program,  Volume  IV,  Report  F, 

Section  I,  will  permit  extensive  maintenance  of  the  engine  while  installed 
in  the  airplane.  Close  engine/airframe  coordination  will  be  maintained  with 
the  manufacturer  to  ensure  that  adequate  engine  tooling  will  be  designed 
for  all  possible  installed  maintenance  and  inspection  tasks. 

GSE  and  facilities  utilized  for  other  P&WA  engine  models  will  be 
reviewed  in  order  to  avoid  duplication  and,  where  possible,  modified  to 
permit  common  usage. 

GSE  designers  and  process  planners,  in  conjunction  with  representatives 
of  Engine  Design,  Service  Engineering,  Maintainability,  Human  Engineering, 
and  other  appropriate  elements  will  design  all  special  engine  equipment 
required  for  field  support  of  the  JTF17  engine. 

fouling  proviuea  for  the  ground  and  flight  test  programs  will  be  of 
the  same  quality  and  design  standards  as  employed  for  airline  operation. 

Prior  to  release  for  service  use,  each  new  or  modified  tool  will  be 
validated  by  use  on  an  engine.  Personnel  from  the  Tools  and  Equipment 
and  other  affected  groups  will  witness  the  maintenance  tasks  which  will 
be  performed  by  technicians  with  normal  skill  levels. 

Upon  completion  of  validation,  the  P&WA  equipment  is  plac'd  under  an 
Engineering  Change  system  in  the  same  manner  as  engine  parts  Each 
Engineering  Change  in  process  against  the  engine  is  reviewed  by  the  Tools 
and  Equipmer*  Ci  -  p  determine  whether  tooling  ir  alfictcd.  If  existing 
equipmen.  ’  a,  lt._d  or  modified,  redesign  is  initiated  and  released 

by  a  Service  Tool  Engineering  Change. 

Applicable  ground  support  equipment  will  be  delivered  to  the  required 
locations  three  months  prior  to  receipt  of  the  first  engine  at  each 
location. 


VH-17 1 


Pratt  g  Whftney  Qlrcraft 

PWA  FP  66-100 

SECTION  IV 

Volume  V 

4, 

CROSS-REFERENCE  INDEX 

) 

DETAIL 

WORK  PLAN 

WORK  STATEMENT  ITEM 

PHASE  III  RFP 

Section 

Page 

Section 

l.Oi 

VH-5 

Engine  Design 

2.01 

3.02 

1.02 

VH-9 

Fabrication  and  Assembly 

2.01 

\ 

2.02 

1.03 

VH-15 

Tooling 

2.01 

1.04 

VH-19 

Engine  Instrumentation 

2.03 

1.05 

VH-23 

Test  Equipment 

2.04 

1.06 

VH-27 

Engine  Test  -  Ground 

2. 05 

1.07 

VII- 3  7 

Engine  Performance 

3.01 

1.08 

VH-41 

Inlet  System  Compatibility 

1.10 

1.09 

VH-45 

Noise 

1.11 

1.10 

VH-49 

Growth  Potential 

3.03 

1 

» 

1.11 

VH-53 

Fan  and  Compressor 

1.01 

1.12 

VH-5  7 

Primary  Combustor 

1.02 

1.13 

VH-61 

Turbine 

1.03 

1.14 

VH-65 

Augmentor 

1.04 

1.15 

VH-69 

Exhaust  System 

1.05 

1.16 

VH-73 

Cont”  and  V-'-essories 

1.06 

> 

1.17 

VH-79 

Lubricants,  Lubrication  System, 

1.07 

Bearings,  Seals  and  Gears 

1.09 

a 

1.18 

VH-85 

Fuels 

1.08 

1.19 

VH-89 

Kanufactur ing  Techniques 
and  Materials 

3.04 

1.20 

VH-93 

Weight  Control  and  Status 

3.05 

2.01 

VH-9  7 

Coordination 

1.13 

2.02 

VH-99 

Maintainability  and  Human  Engineering  4.01 

4.07 

• 

9 

VH-173 

.■&Mi a*****'" 

. . 

L. 

- 

Pratt  ft  Whitney  Aircraft 

PWA  FI’  66-100 
Volume  V 


CROSS-REFERENCE  INDEX  (Continued) 


DETAIL 

WORK  PLAN 

WORK  STATEMENT  ITEM 

PHASE  III  RFP 

Section 

Page 

Sec t  ion 

2.03 

VII— 103 

Reliability 

4.02 

2. 04 

Vll-107 

Quality  Assurance 

4.03 

2. 05 

VH-111 

Value  Engineering 

4.04 

2.06 

VH-115 

Configuration  Management 

4.05 

2.07 

VH- 119 

Sa  fety 

4.06 

2.08 

VH-123 

Test  Planning  and  Integration 

4.08 

2.09 

VH-127 

Data  Management 

6.01 

2.10 

VH-131 

Program  Management  and  Controls 

6. 02 

2.11 

VH-133 

Facilities  Plan 

6.03 

2.12 

VH-137 

Cost  Analyses 

6. 04 

2.13 

VH-139 

Proposals 

6.0 

3.01 

VH-141 

Ground,  Taxi  and  Flight  Test  Engines 

2.06 

2.08 

3.02 

VH-145 

Too  1 ing 

2.01 

3.03 

V1I-149 

Engine  Performance 

3.01 

3.04 

VH-153 

Eng -ne  Mockup 

1.12 

3.05 

VH- 1 57 

Spares 

5.03 

3.06 

VH-159 

Overhaul 

5.0 

3.07 

VH-163 

Engine  Test  and  Evaluation  -  Flight 

2.06 

2.07 

2.08 

3.08 

VH- 1 67 

Data  and  Handbooks 

5.01 

3.09 

VH- 169 

Training  and  Training  Equipment 

5.02 

3.10 

VH-171 

Ground  Support  Equi;mcnt 

5.04 

VH-17o 


